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Description 

COATED OPTICAL FiBERS IN GENERAL 

5 The present invention relates to radiation-curable primary coatings for optical fibers, to optical fibers containing 
such coatings and to processes for preparing optical fibers coated with the coatings of the invention. 

Until recently, the optical fiber industry was concentrated on so-called "long haul" applications, wherein optical fib- 
ers were used to traverse long distances such as in transoceanic or transcontinental cables. In such applications, opti- 
cal fibers required shielding with voluminous protective cabling material in sheltered subterranean or submarine 

10 environments and thus were not directly exposed to environmental hazards. 

A recent trend in the optical fiber market is in local area networks for f iber-to-the-home uses. The fibers in such 
uses are directly exposed to much harsher conditions than previous applications of glass fibers, including severe tem- 
perature and humidity extremes. Consequently, previously used coatings do not perform well under such adverse con- 
ditions; hence, a need existed for the development of higher performance coatings. Such coatings needed to be able to 

75 withstand the above conditions, i.e., to possess thermal, oxidative and hydrolytic stability, to be resistant to moisture and 
to organic solvents and to protect the fber over the long term, i.e., over twenty-five years' time. 

Optical fibers used for light transmission can be prepared which, immediately after drawing, are exceptionally 
strong and have very few intrinsic defects. However, such pristine fibers are very easily flawed by exposure to environ- 
mental conditions including dust and moisture. Even a small flaw can reduce the strength of a fiber by an order of mag- 
so nitude, rendering it brittle and easily broken by weak external forces. Therefore, optical glass fibers have, in the prior 
art. been clad with at least one resin coat immediately after their preparation, whose minimum requirement is to protect 
the underlying pristine fiber from such external forces. 

Typically, at least two coatings, a primary, or buffer, coating and a secondary coating, have been used. In some 
cases, however, a monocoat, having properties intermediate to the typical primary and secondary coatings, is 

25 employed. In the case of a dual coat system, the inner, or primary, coating is applied directly to the glass fiber which, 
when cured, forms a soft, rubbery, compliant material which serves as a buffer to cushion and protect the fiber by reliev- 
ing the stresses created when the fiber is bent, cabled or spooled. Such stress might otherwise induce microbending of 
the fibers and cause attenuation of the light traveling through them, resulting in inefficient signal transmission. The sec- 
ondary coating is applied over the primary coating, and must function as a hard, tough protective outer layer, preventing 

30 damage to the glass fiber during processing and use. 

Certain characteristics are desirable for the primary coating, and others for the secondary coating. For example, 
the primary coating. must maintain adequate adhesion to the glass fiber during thermal and hydrolytic aging, yet be 
strippable therefrom for splicing purposes. It should resist swelling due to solvent exposure sufficiently to retain its own 
structural integrity and that of the secondary coating. The modulus of the primary coating must be low to cushion and 

35 protect the fiber by readily relieving the stresses on the fiber which can induce microbending and consequent inefficient 
signal transmission. This cushioning effect must be maintained through the temperature range in which the fibers may 
be exposed throughout their lifetime. Thus, it is necessary for the primary coating to have a low glass transition temper- 
ature (Tg). This low glass transition temperature will ensure that the coating remains in its rubbery state throughout the 
possible use temperature range. 

40 The primary coating should also have a relatively high refractive index, L&, greater than that of the cladding mate- 
rial of the fiber to be coated. This high refractive index allows for a refractive index differential between the glass clad- 
ding and the primary coating. This differential allows errant fight signals to be refracted away from the glass core. 

Another requisite quality of the primary (buffer) coating is resistance to moisture. Moisture will rapidly degrade the 
strength of the coating itself as well as the underlying glass fibers under stress. The reaction is one of hydrolysis and 

45 stress corrosion. Moisture will also adversely affect the adhesion of the primary coating to the glass, resulting in possi- 
ble delamination. tt is therefore desirable for the coating to be as water resistant as possible. Preferably, the primary 
coating should have a water absorption value of less than 5% by weight, and more preferably less than 3% by weight. 

Yet another desirable property for primary coatings is organic solvent resistance. Such solvents can cause the pri- 
mary coating to swell so severely as to result in delamination of the coatings from the fber, or to cause the more rigid 

so secondary coating to crack and fall apart. Solvent exposure can be in the case of "long haul" optical fiber cables, in the 
form of filling compounds (e.g., mineral oil-based or silicone-based materials), or, jn the case of less protected f iber-to- 
the-home applications, various household solvents such as are present in cleaners, paints, insect repellents and so 
forth. Additionally, when such fibers are routed near filling stations, gasoline leakage may result in solvent exposure. 
Preferably, the coating should exhibit an increase in length due to swelling of less than about 40%, and more preferably, 

55 less than about 35%, after soaking in gasoline at room temperature for four hours, as a measure of organic solvent 
absorption. 

It "can be readily appreciated that the "attainment of organic solvent resistance and water resistance are often at 
cross purposes, one more easily attained with a hydrophilic composition and the other with a hydrophobic composition, 
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and thus difficult to achieve. 

Furthermore, the coating should have optimized adhesion to its substrate, high enough that it will remain adhered 
thereto under use conditions, yet not so high as to impair strippability for splicing. 

Similarly, the secondary coating must have a number of essential and optimal qualities. The secondary coating 
s should function as a hard protective layer which allows the fiber not to be damaged during its processing and use, and 
thus should have a relatively high glass transition temperature (Tg) and a high modulus. Furthermore, like the primary 
coating, the secondary coating should undergo minimal changes in physical properties on exposure to organic solvents 
and moisture. Moreover, secondary coatings should have a low coefficient of friction (COF) to facilitate winding and 
unwinding of the fibers on spools and to allow the fibers to slide easily along each other in a cable structure, thus reliev- 
10 ing stress, but hot so low as to result in a reduced tendency to stay aligned on the spool. 

Again, in monocoat applications, the single coating layer should optimally have certain properties intermediate 
those typically seen in primary and secondary coatings, La, with respect to modulus, Tg and refractive index. 

Still other properties exist which are desirable in both primary and secondary coatings. For example, fiber manu- 
facturers are motivated to coat the fibers as rapidly as possible to attain the economy of faster cure speeds, as these 
is result in higher line speeds. The cure speeds of coating materials may be determined by constructing a UV dose versus 
modulus curve. The lowest UV dose at which the coating modulus exhibits dose independence is considered its cure 
speed. There is therefore a demand for faster curing coatings; for example, high line speeds are obtained with primary 
and secondary coatings which may be applied wet-on-wet and simultaneously ultraviolet light-cured. One way of doing 
this is described in U.S. Patent 4,474,830, issued October 2, 1 984 to Carl R. Taylor, which patent is expressly incorpo- 
20 rated herein by reference. 

Another desirable objective for both primary and secondary UV-curable coatings is to minimize the amount of 
unbound material in the coating after cure. Even when the cured coatings are considered 100% solids, there may still 
exist a small amount of material which does not chemically bind into the polymer network on curing. Examples of such 
materials in the cured coatings include unreacted monomer, unreacted photoinitiator, certain non-functional additives 
25 and so forth. The presence of excessive amounts of such materials is undesirable, inasmuch as volatilization of such 
components over time may change the physical properties of the coating. For example, volatile materials from the pri- 
mary coating may permeate into the secondary coating, tending to plasticize it and resulting in strength loss. Also, vol- 
atile materials may cause production of unpleasant odors. 

Still other important qualities of both optical fiber coatings are viscosity and shelf life. Good shelf life is considered 
30 formulation stability of at least six to twelve months. Viscosity can typically be somewhat adjusted by regulation of the 
temperature at which the coatings are applied. However, it is advantageous to set the viscosity high enough so as to 
maintain proper rheology and handling of the coating on application, but low enough to facilitate bubble release and to 
minimize the amount of heat needed in the preparation. Excessive heating is undesirable inasmuch as it may result in 
premature gelling or viscosity buildup due to possible thermal initiation of polymerization. 

35 

PRIOR ART COATINGS . , 

Various single or double layer fiber coatings exist in the prior art. Among these are epoxy- or urethane-based res- 
ins. However, many of these resins cure slowly; have poor moisture or organic solvent resistance or poor hydrolytic, 
40 thermal and oxidative stability; and have undesirable yellowing properties. 

There have also been developed primary (buffer) coatings which cure on exposure to ultraviolet radiation. Such 
prior art primary coatings, however, have conventionally not been very moisture resistant and have some of the same 
deficiencies as above, in general, coatings formulated for moisture resistance are not resistant to organic solvents, and 
vice versa. 

45 To obviate these flaws, the primary-coated optical fibers of the prior art have been topcoated with a tough and flex- 
ible overcoat which possesses superior resistance to moisture and abrasion. Prior art coatings have included extruded 
nylon "jacket" coatings, which are, however, more expensive and more difficult to apply than would be an ultraviolet- 
cured coating. 

There have recently been developed optical fiber coats which are very moisture resistant and which have excellent 
so thermal, hydrolytic and oxidative stability. Applicant's U.S. Serial No. 742,531 , filed August 8, 1991 (a continuation appli- 
cation of U.S. Serial No. 350,239, filed May 11, 1989), teaches coating compositions prepared from acrylate or meth- 
acrytate based components, e.g., a primary coating including, inter alia, an acrylated urethane oligomer based on a 
hydrocarbon polyol; an alkyl acrylate monomer; and a photoinitiator, and a secondary coating including a polyester 
and/or polyether based acrylated urethane oligomer; an acrylated compound capable of adjusting viscosity; and a pho- 
55 toinitiator. 

While each of these compositions is suitably water resistant for most optical ftoer coating uses, they are so hydro- 
phobic as to not be resistant to some organic solvents to which the fiber may be exposed. 

WO-A-9006289 discloses radiation-curable coating compositions for optical fibres comprising 56 to 89% by weight 
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of at least one diethylenically unsaturated polyurethane, 10 to 30% by weight of at least one ethylenically unsaturated 
monomer, 0.5 to 8% by weight of a photoinitiator and 0.05% to 6% by weight of an alkoxysilane. The coatings prepared 
from such compositions are said to have improved resistance to moisture. Similar claims are made in respect of the 
coating compositions described in WO-A-9013523 which utilize a carboxyl group containing ethylenically unsaturated 

5 monomer and an epoxide-containing alkoxysilane. 

Therefore, the present invention seeks to provide a primary coating which, when cured, has maximal thermal, oxi- 
dative and hydrolytic stability, wherein the primary coating is adequately adherent to the glass fiber yet strippable there- 
from; provides adequate cushioning of the fiber; has a relatively low glass transition temperature; and is capable of 
relieving stress upon the fiber. It should also be resistant to swelling by resisting solvent absorption and be moisture 

w resistant as well. 

SUMMARY OF THE INVENTION 

It has now been discovered that a composition which, when cured, has excellent resistance to moisture and to 
is organic solvents and concomitant swelling, as well as having excellent thermal, oxidative and hydrolytic stability, can be 
made. 

Accordingly, the radiation-curable primary coating for an optical fiber of the present invention comprises, in one 
embodiment: 

20 (A) from 10% to 90% by weight of a reactively terminated urethane oligomer which is the reaction product of (i) a 
polyether polyol; (ii) an aliphatic polyisocyanate; and (iii) an endcapping monomer capable of providing a reactive 
terminus; 

(B) from 5% to 80% by weight of one or more monomer diluents which are terminated with at least one end group 
capable of reacting with the reactive terminus of (A); 
25 (C) from 0.1 % to 3.0% by weight of an qrganofunctional silane adhesion promoter; and 

(D) optionally, from 1 .0% to 10.0% by weight of a photoinitiator, characterised in that the one or more diluents in (B) 
are soft-curing monomers selected from: 

(i) hexyl acrylate; hexyl methacrylate; 2-ethylhexyl acrylate; 2-ethylhexyl methacrylate; isooctyl acrylate; isooc- 
30 tyl methacrylate; octyl acrylate; octyl methacrylate; decyl acrylate; decyl methacrylate; iscdecyl acrylate; iso- 

decyl methacrylate; lauryl acrylate; lauryl methacrylate; tridecyl acrylate; tridecyl methacrylate; palmitic 
acrylate; palmitic methacrylate; stearyl acrylate; stearyl methacrylate; C 14 - C 15 hydrocarbon diol diacrylates; 
C 14 - C 15 hydrocarbon diol dimethacrylates; and mixtures of the above. 

(ii) monomers having (1) an aromatic moiety, (2) a moiety containing acrylic or methacrylic unsaturation, and 
35 (3) a hydrocarbon moiety, which monomer (ii) is capable of increasing the refractive index of the composition 

relative to that of a composition containing only (A), (C) and (D), and 

(iii) mixtures thereof. 

wherein all of the stated percentages are percentages by weight based on total weight of (A). (B), (C) and (D), 
40 wherein the composition, after radiation cure, exhibits an increase in length from swelling of no more than about 40 
percent when soaked in gasoline for four hours at. room temperature and a water absorption value of no more than 
about 5% by weight and wherein said silane adhesion promoter (C) is selected from amino-functional silanes; mer- 
capto-functional silanes; methacrylate-functional silanes; acrylamido-functional silanes; allyl-functional silanes; 
vinyl-functional silanes; acrylate-f unctional silanes; and mixtures thereof. 

45 

Preferably, the reactive termini of (A) and (B) are acrylate or methacrylate. 

The primary coating may optimally contain other materials, such as a chain transfer agent, preferably a mercapto- 
functionaJ chain transfer agent, and one or more stabilizers. 

A coated optical fiber has also been developed. In one embodiment, the optical fiber comprises an optica] fiber 
so coated with the primary coating layer as described above, and, in another, an optical fiber coated with primary and sec- 
ondary coating layers. 

A process for preparing a coated optical fiber has also been developed. In one embodiment, the process comprises 
applying to an optical fiber a. primary coating layer as described above and radiation-curing the coating. In another 
embodiment, both a primary and a secondary coating layer are applied and radiation cured. 
55 The coating compositions of the invention are also useful for other coating and protective purposes. They can be 
formulated to be useful on glass, ceramic, granite, and marble surfaces, andUhelike. 
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DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The invention relates in part to radiation-curable primary coatings for optical fibers. The optical fibers which are 
coated may comprise a glass core and a glass cladding layer. The core, for example, may comprise silica doped with 
5 oxides of germanium or phosphorus and the cladding, a pure or doped silicate such as fluorosilicate. Alternately, the 
fibers may comprise a polymer-clad silica glass core. Examples of such polymer claddings include organosiloxanes 
such as polydimethylsiloxane or afluorinated acrylic polymer. 

The primary coating, when cured, should have, inter alia , the following properties: moisture resistance; organic sol- 
vent resistance; ease of application; acceptable adhesion without compromising strippability; low volatiles content; low 
10 tensile modulus over the life of the fiber; low glass transition temperature; and long shelf life. Furthermore, it should be 
transparent; nonmalodorous; fast curing; and remain adherent, even upon aging in high heat and humidity environ- 
ments. Additionally, the cured primary coating should maintain its excellent properties under accelerated aging condi- 
tions of increased temperature and humidity as a measure of its long term thermal, hydrolytic and oxidative stability. 
The present invention involves the recognition that it is possible, through the judicious choice of ingredients and 
is proportions, to formulate a primary coating composition meeting these criteria. 

The primary coating composition of the present invention contains four basic ingredients, (A), (B), (C) and (D). 

(A.) The Polvether Polvol-Based Oligomer 

20 The first ingredient is a reactiveiy terminated polyether polyol-based urethane oligomer (A). This component com- 
prises from about 10 percent to about 90 percent by weight of the composition base on the total weight of the (A), (B), 
(C) and (D) ingredients of the composition. Preferably, this oligomer comprisies from about 20 percent to about 80 per- 
cent, and more preferably from about 30 percent to about 70 percent by weight of the composition, based on the total 
weight of the (A) through (D) ingredients. 

25 ■• The particular oligomer used in the present invention is chosen to impart good thermal, oxidative and hydrolytic sta- 
bility to the system, as well as to confer both moisture and organic solvent resistance. 

It has been known in the art that various types of UV-curable oligomers exist which may yield a soft, compliant, low 
glass transition temperature-type coating. Acrylate-or methacryiate-terminated monomers are particularly commonly 
used due to their ease of cure upon ultraviolet radiation. One system known in the art is acrylate-endcapped polybuta- 

30 diene- type rubber or rubber-modified acrylated monomers as base resins. While these systems have excellent low 
temperature properties and are hydrophobic for moisture resistance, their internal carbon-carbon double bonds 
(unsaturation) make them susceptible to oxidation over a long period of time. 

It is also known in the art to employ acrylated silicones as base resins in such compositions. While these have good 
low temperature properties and hydrophobicity, they are difficult to formulate with a suitably high refractive index; tend 

35 to have poor thermal stability; and may be susceptible to hydrogen outgassing which can lead to signal attenuation in 
fibers so coated. 

Yet another system known in the art involves the use of acrylated fluorocarbons. While these are hydrophobic and 
thermally stable, they are typically incompatible with most non-halogenated organic compounds. Additionally, they are 
very expensive relative to other systems. 

40 To overcome many of the disadvantages of the prior art systems, it may be tried to utilize a urethane system based 
on one of a variety of backbones. In general, urethane acrylate systems based on polyethers or polyesters were usually 
characterized by poor water resistance and by thermal instability. Additionally, known urethane oligomers based on aro- 
matic isocyanates displayed thermal instability and tended to yellow. While polyether-based urethane acrylates have 
excellent low Tg properties, when used alone, many are not hydrophobic enough for optical fiber applications and are 

45 susceptible to oxidation. Polyester-based urethane acrylates, on the other hand, have good thermal stability but are 
susceptible to hydrolysis. 

Thus, the present invention uses an oligomer which, in combination with the other components of this invention, 
obviates many of the above problems. 

The oligomer (A) utilized in the present invention is the reaction product of (i) a polyether potyol; (ii) an aliphatic 
so polyisocyanate; and (iii) an endcapping monomer capable of supplying a reactive terminus. 

The oligomeric component may contain very small amounts of urethane acrylates based on polyesters, but prefer- 
ably contains only polyether-based oligomers, for optimal long term stability. 

The polyether polyol is based on a straight chained or branched alkylene oxide of from one to about twelve carbon 
atoms. The polyether polyol may be prepared by any method known in the art. 
55 The polyisocyanate component (ii) is non-aromatic. Oligomers based on aromatic polyisocyanates effect yellowing 
in the cured coating. Non-aromatic polyisocyanates of from 4 to 20 carbon atoms may be employed. Suitable saturated 
aHphatic polyisocyanates include but are not limited to isophorone diisocyanate; dicyclohexylmethane-M'-diisocy- 
anate; 1 ,4-tetramethylene diisocyanate; 1 ,5-pentamethylene diisocyanate; 1 ,6-hexamethylene diisocyanate; 1,7-hep- 
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tamethylene diisocyanate; 1,8-octamethylene diisocyanate; 1,9-nonamethylene diisocyanate; 1,10-decamethylene 
diisocyanate; 2,2,4-trimethyl- 1,5-pentamethylene diisocyanate; 2 ) 2'<Jimethyl-1,5- pentamethylene diisocyanate; 3- 
methoxy-l,6-hexa- methylene diisocyanate; 3-butoxy-1 ,6-hexamethylene diisocyanate; omega, omega'-dipropylether 
diisocyanate; 1 ,4-cyciohexyI diisocyanate; 1 ,3-cyclohexyl diisocyanate; trimethylhexamethylene diisocyanate; and mix- 
5 tures thereof. Small amounts of aromatic polyisocyanates may be used; however, long term stability on aging may suffer 
somewhat. 

The reaction rate between the hydroxyl-terminated polyol and the diisocyanate may be increased by use of a cat- 
alyst in the amount of 100 to 200 ppm. Suitable catalysts include but are not limited to dibutyl tin dilaurate, dibutyl tin 
oxide, dibutyl tin di-2-hexoate, stannous oleate, stannous octoate, lead octoate, ferrous acetoacetate, and amines such 
* 10 as triethylamine, diethylmethylamine, triethylenediamine, dimethylethylamine, morpholine, N-ethyl morpholine, pipera- 
zine, N.N-dimethyl benzylamine, N ( N-dimethyl laurylamine, and mixtures thereof. 

The endcapping monomer (iii) may be one which is capable of providing at least one reactive terminus and which 
preferably provides acrylate or methacrylate termini. Suitable hydroxyl-terminated compounds which may be used as 
the endcapping monomers include but are not limited to hydroxyalkyl acrylates or methacrylates such as hydroxyethyl 
is acrylate, hydroxyethyl methacrylate, hydroxypropyl acrylate hydroxypropyl methacrylate, hydroxybutyl acrylate, 
hydroxybutyt methacrylate, and so forth. 

A particularly preferred endcapping monomer is hydroxyethyl acrylate or hydroxyethyl methacrylate. 
The molar ratio of the polyol, diisocyanate and endcapping monomer is preferably approximately 1 :2:2. 
Some commercially available oligomers which are suitable for the (A) component of this invention include but are 
20 not limited to the following: 

(1.) Echo Resins ALU-350 series resins, i.e., 350, 351, 352, 353 and 354, from Echo Resins and Laboratory, Ver- 
sailles, MO, all polytetramethylene pofyol-based acrylated aliphatic urethane oligomers of increasing molecular 
weight and viscosity and decreasing modulus with increasing number in the series. Certain physical properties for 
25 this series of resins are summarized below: 
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ALU-351 


ALU-352 


ALU-353 


ALU-354 


Density 
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1.048 


1.027 


1.019 
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8.76 


8.73 


8.55 


8.49 


8.49 


Refractive Ir 
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1.496 


1.492 


1.478 
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Viscosity 
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320.000 
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wax 


wax 




@ 140°F (cps) 


7,300 


5,400 


8,900 


21,750 


30,000-40,000 


Color, Gardr 


ler 


<1 


<1 


<1 


<1 


<2 


Functionality 


2 


2 


2 


2 


2 


Percent Shrinkage, Cured 


3.6 


2.8 


1.7 


1.3 


1.1 


Relative Molecular Weight 


1.0 


1.3 


2.0 


2.7 


3.4 



45 In general, the lower molecular weight members of the series are preferred because they appear to cause less sol- 
vent swelling in cured coatings including them. 

The methacrylate equivalents of these oligomers are equally suitable. 

(2) Purelast® aliphatic urethane acrylate oligomers based on polyether backbones, available from Polymer Sys- 
so terns Corporation, Orlando, Florida. Suitable Purelast® oligomers include 566, 566A, 569, 569A, 586, 586A, 590, 

590A, 595, 595A, 597A and 598A. This series of oligomers increases in modulus with increasing number in the 
series. These oligomers are either difunctional (no suffix) or monofunctional ("A" suffix). All of these oligomers are 
sold neat, except for 597A and 598A, which include 7% and 10% isobornyl acrylate, respectively. 
Methacrylate analogs of these oligomers are suitable as well. 

55 

(3) Ebecryl® 8800, Ebecryl® 270, and Ebecryl® 4826 oligomers, all from Radcure Specialties Inc., Louisville, Ken- 
i "~ tucky, allaliphatic urethane diacr^ate'oligomers based on polyethers.^™ 

Ebecryl® 8800 oligomer is diluted 10% with ethoxyethoxyethyl acrylate; and has a viscosity at 65°C of 8000- 
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18,000 cps and a Gardner Color Index of 2 max. Its density is 8.75 pounds per gallon (1.05 g/ml); its theoretical 
functionality is 2.5 and its theoretical molecular weight is 1700. When cured it has a tensile strength of 3150 psi 
(21.72 x 10 3 kPa); a tensile elongation of 83%, and a glass transition temperature of 48°C. 

Ebecryl® 270 oligomer, previously sold as Ebecryl® 4826 oligomer, contains no diluent monomer; has a vis- 
5 cosity of 2500-3500 cps at 60°C and a Gardner Color Index of 2 max. Its density is 8.91 pounds per gallon (1 .07 
g/ml); its theoretical functionality is 2 and its theoretical molecular weight is 1500. When cured it has a tensile 
strength of 1 200 psi (8.27 x 1 0 3 kPa) ; a tensile elongation of 87% and a glass transition temperature of -27°C. 
Methacrylate equivalents of these oligomers may also be used. 

10 (D) Uvithane® ZL-1 1 78 oligomer from Morion Thiokol, Inc., Morton Chemical Division, Princeton, New Jersey, pol- 
yether based aliphatic urethane acrylate. This oligomer has a viscosity of 55-75 poses at 120°F (49°C) and 700- 
800 poises at 78°F (26°C) and, when cured neat, has a tensile strength of 325 psi (2.24 x 10 3 kPa) and an ultimate 
elongation of 45%. the methacrylate analog of this monomer may be used as well. 

is (5) Furthermore, any polyether-based aliphatic urethane acrylate or methacrylate oligomer of the type exemplified 
above is believed to be suitable so long as the desirable properties of the claimed composition are not adversely 
effected. 

The primary coating containing the oligomer of this invention has a water absorption value of less than about 5 % 
20 by weight, and preferably less than about 3%, Furthermore, the coating should swell less than 40% in length, and pref- 
f erably less than about 35% in length, when soaked in gasoline for about 4 hours at room temperature. 

(B.) The Diluent Monomer 

25 The second essential component of the composition is a diluent monomer which is terminated with at I east one end 
group capable of reacting with the reactive terminus of (A). Again, this terminus is preferably acrylate or methacrylate. 
the monomer is selected to be one that will adjust the total primary coating composition to a viscosity in the range 
* of about 1 ,000 cps (centipoises) to about 10,000 cps. and preferably in the range of about 4,000 cps to about 8,000 cps, 
measured by a Brookfjeld viscometer, model LVT, spindle speed of 6 rpm, spindle #34, at 25°C. Additionally, it is chosen 
30 to be soft:Curing and to have a low Tg, thus lowering the Tg of the composition. Furthermore, a specif ic diluent may be 
chosen which is capable of adjusting the refractive index of the whole composition, as will be further discussed below. 
. The monomer (B) comprises from 5% to 80% by weight of the composition, based on the total weight of (A), (B), 
. (C) and(D). Preferably, it comprises from 10% to 70%, and more preferably from 10% to 60% by weight of the compo- 
sition, based upon the total weight of (A), (B), (C) and (D). 
35 This diluent monomer may be either straight chained or branched, and should preferably be at least partially 
aliphatic. In particular, the diluent may be one or more monomer selected from (i) hexyl acrylate; hexyl methacrylate; 2- 
ethylhexyl acrylate; 2-ethylhexyl methacrylate; isooctyl acrylate; isooctyl methacrylate; octyl acrylate; octyl methacr- 
ylate; decyl acrylate; decyl methacrylate; isodecyl acrylate; isodecyl methacrylate; lauryl acrylate; lauryl methacrylate; 
tridecyl acrylate; tridecyl methacrylate; palmitic acrylate; palmitic methacrylate; stearyl acrylate; stearyl methacrylate; 
40 C 14 -C 15 hydrocarbon diol diacrylates; C 14 -C 15 hydrocarbon dipl dimethacrylates; and mixtures of the above. 

Preferred alkyl acrylate monomers include stearyl acrylate, lauryl acrylate and isodecyl acrylate. A particularly pre- 
ferred one is lauryl acrylate. 

As mentioned above, the diluent monomer may also be one which is capable of adjusting the refractive index of the 
composition. Such monomers will contain (1) an aromatic moiety; (2) a moiety providing a reactive (e.g., acrylic or 

45 methacrylic) group; and (3) a hydrocarbon moiety. 

The aromatic moiety of such refractive index of modifying monomer (B) is itself capable of raising the refractive 
index; however, the hydrocarbon moiety may assist in increasing the compatibility of this monomer with the oligomer 
(A). The moiety providing a reactive group (e.g., an acrylate or methacrylate group) renders the compound compatible 
with the system as a whole, inasmuch as it has available reactive termination which allows it to crosslink with the rest 

so of the composition upon ultraviolet curing, thus minimizing the volatiles content of the cured system. Samples of aro- 
matic monomers additionally containing hydrocarbon character and a vinyl group include but are not limited to poly- 
alkylene glycol nonylphenyl ether acrylates such as polyethylene glycol nonylphenylether acrylate or polypropylene 
glycol nonylphenylether acrylate; polyalkylene glycol nonylphenylether methacrylates such as polyethylene glycol non- 
ylphenylether methacrylate or polypropylene glycol nonylphenylether methacrylate; and mixtures of these. 

55 In each case, the phenyl group serves to increase the refractive index of the coating and the nonyl component 
J^n^sjh^cpr^ ^feh§tLC^Jjgpmer (A). This monomer is capabte.pf 

increasing the refractive index of the composition relative t that of a composition comprising only (A), (C) and (D). A 
suitable primary coating composition may, for example, have a refractive index of greater than or equal to about 1 .48. 
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The refractive index of the primary coating must be higher than that of the cladding of the fiber. If the fibers coated 
with the coating composition of the present invention are down-doped, Le^, contain dopants which lower the refractive 
index of the fiber itself, the refractive index of the coating will be different enough from that of the fiber so that errant 
signals will be refracted away even without the incorporation of this component. Therefore, in such embodiments, a 
5 refractive index modifying monomer is not essential to the composition and other diluents may instead be used. 

Further, the diluent monomer may be any of those known in the art, which do not adversely affect the composition. 
In a preferred embodiment, the diluent monomer component (B) comprises a mixture of oligomers, e.g. , a small portion 
of a monomer capable of adjusting the refractive index and the balance of an alkyl acrylate or methacrylate which is 
wholly aliphatic, optimizing compatibility and stability. 

10 

(C.) The Adhesion Promoter 

The third ingredient is an organofuntiorial silane adhesion promoter (C). Adhesion becomes a particularly pertinent 
problem in high humidity and high temperature environments, where delamination is more of a risk. In very protected 

15 environments, this component may be optional, such as in conditions of low humidity (La , below 50% relative humidity) 
and low temperature below 25°C). . 

It is known in the art to use either acid-functional materials or organofunctional silanes to promote adhesion of res- 
ins to glass. While acid-functional materials are operative herein, organo-functional silanes are preferred. Acid-func- 
tional materials are less preferred because of their possible corrosivrty towards the materials, and their tendency to lose 

20 their adhesion properties on exposure to moisture. Silanes tend to be much more suitable in terms of these factors and, 
therefore, are the adhesion promoters of choice. Additionally, it is useful to have an adhesion promoter having a func- 
tionality which binds in with the system during cure, to maximize its adhesion promotion as well as to minimize the 
quantities of unbound volatiles. 

Various suitable organofunctional silanes include but are not limited to amino-functional silanes; acrylamido-func- 

25 tional silanes; allyl-functional silanes; vinyl-functional silanes; acrylate-functional silanes; methacrylate-functional 
silanes; and mercapto-functional silanes. The adhesion promoters preferably are methoxy-or ethoxy-substituted as 
well. 

Preferred organofunctional silanes include but are hot limited to mercaptoalkyl trialkoxy silane, methacryloxyalkyl 
trialkoxy silanes, aminoalkyl trialkoxy silane, vinyl alkoxy silane, mixtures thereof, and the like. Methacrylated silanes 
30 are desirable, inasmuch as they bind in well with the cured system, but tend to slow down the cure speed of the system. 
The mercaptofunctiohal adhesion promoters also chemically bind in during cure, but do not appreciably slow down the 
cure speed of the system. Allyl-functional and vinyl-functional silanes are also desirable when they are chosen to bind 
in well with the system used. 

Some preferred organofunctional silanes that enhance adhesion in humid conditions include but are not limited to 
35 vinyl-tris-(2-methoxyethoxy silane), 3-aminopropyl triethoxy silane, 3-methacryloxypropyl-trimethQxy silane, 3-mercap- 
topropyl trimethoxy silane, 3-mercaptopropyl(gamma-mercaptopropyl)triethoxy silane, vinyl triacetoxy silane, beta-(3,4- 
epoxycyclohexyl) ethyl trimethoxy silane, gamma-glycidoxypropyl trimethoxy silane. 3-vinylthiopropyl trimethoxy silane, 
and mixtures thereof. A particularly preferred adhesion promoter is vinyl-tris-(2-methoxyethaxy silane). 

The silane component, when used, should be incorporated into the composition in a small but effective amount to 
40 enhance the adhesion of the composition to the surface of an inorganic substrate, which, in the preferred embodiment, 
is glass fiber, and in other embodiments, may be glass, enamel, marble, granite or the like, The silane component, when 
used, comprises from about 0. 1 percent to about 3,0 percent by weight of the composition, based on total weight of the 
ingredients (A), (B) (C) and (D). Preferably, the silane comprises from about 0.2 percent to about 2.0 percent, and more 
preferably from about 0.3 percent to about 1.0 percent, based on the total weight of the oligomer, diluent monomer, 
45 silane and photoinitiator. 

(DM The Photoinitiator 

A fourth ingredient of the primary coating composition is an optional photoinitiator (D). This ingredient is only 
so required in embodiments wherein the coating is to be ultraviolet radiation-cured; in other embodiments, such as wherein 
electron beam cure is envisioned, the photoinitiator may be omitted. The photoinitiator, when used in a small but effec- 
tive amount to promote radiation cure, must provide reasonable cure speed without causing premature gelation of the 
composition. Further, it must not interfere with the optical clarity of the cured optical coating. Still further, the photoiniti- 
ator must itself be thermally stable, and non-yellowing and efficient. 
55 Suitable photoinitiators include but are not limited to the following: hydroxycyclohexylphenyl ketone; hydroxymeth- 
ylphenyl propanone; dimethoxyphenylacetophenone; 2-methyl-1-[4- (methyl thio)phenyl]-2-morpholinq;propanoneJ; 
1-(4-isopropylphenyi)-2-l^dro^-2-m i-(4-dodecylphenyl)-2-hydroxy-2-methylpropan-1-one; 4-(2- 

hydroxyethyoxy)phenyl-2(2-hydroxy-2-propyl)ketone; diethoxyphenyl acetophenone; and mixtures of these. 
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The photoinitiator preferably comprises from about 1 .0 percent to about 10.0 percent by weight of the composition, * 
based upon the total composition of th (A) through (D) ingredients. Preferably, the amount of photoinitiator is from 
about 1.5 percent to about 8.0 percent, and more preferably from about 2.0 percent to about 7.0 percent by weight, 
based upon total weight of (A) t (B), (C) and (D) ingredients, 
s A particularly preferred photoinitiator is hydroxycyclohexylphenyl ketone. The photoinitiator should be chosen such 
that a cure speed, as measured in a dose versus modulus curve, of less than 1 .0 J/cm 2 , and preferably less than 0.5 
J/cm 2 , is required, when the photoinitiator is used in the designated amount. 

Other Optional Components 

10 

Various optional components may be used in the primary coating beyond the (A) through (D) components which 
are described above. For example, optional chain transfer agents (E) may be used to control the modulus and glass 
transition temperature of the coating. One way known in the art to control the molecular weight and, consequently, the 
modulus and glass transition temperature of a polymerization product is to use one or more chain transfer agents. The 

75 addition of a chain transfer agent to a formulation lowers the molecular weight of a polymer produced and results in a 
lower modulus, lower glass transition temperature coating. 

Preferred chain transfer agents are mercapto compounds, optionally having a hydrocarbon chain of at least eight 
carbon atoms. Examples of suitable mercapto chain transfer agents include but are not limited to methyl thioglycolate; 
methyl-3-mercaptopropionate; ethyl thioglycolate; butyl thioglycolate; butyl-3-mercaptopropionate; isooctyl thioglyco- 

20 late; isdoctyl-3-mercaptopropionate; isodecyl thioglycolate; isodecyl-3- mercaptopropionate; dodecyl thioglycolate; 
dodecyl-3-mercaptopropionate; octadecyl thioglycolate; and octadecyl-3-mercaptopropionate. Parathiocresol; thiogly- 
colic acid; and 3-mercaptopropionic add may also be used, but may display some incompatibility with the resin and may 
produce odor problems. In general, lower molecular weight chain transfer agents are preferred. 
A particularly preferred chain transfer agent is isooctyl-3-mercaptopropionate (IOMP). 

25 The chain transfer agent may, if used, comprise from about 0.1 percent to about 10.0 percent by weight of the com- 
position based upon the total weight of ingredients (A) through (D). Preferably, the chain transfer agent comprises from 
about 0.25 percent to about 9.0 percent by weight, and still more preferably from about 0.5 percent to about 8.0 percent 
by weight, based on the total weight of the (A). (B), (C) and (D) components. 

To improve shelf life (storage stability) of the uncured coating, as well as to increase thermal and oxidative stability 

30 of the cured coating, one or more stabilizers (F) may be included in the composition. Examples of suitable stabilizers 
include tertiary amines such as diethylethanolamine, diethyl hydroxyl amine and trihexylamine; hindered amines; 
organic phosphites; hindered phenols; mixtures thereof; and the like. Some particular examples of antioxidants which 
can be used, alone or in combination, include but are not limited to octadecyl-3(3 , t 5'-di-tert-butyl-4'-hydroxyphenyl) pro- 
pionate; thiodiethylene bis (3,5-di-tert-butyl- 4-hydroxy) hydrocinnarnate; butylated paracresol-dicyclopentadiene copol- 

35 ymer and tetrakis [methylene (3,5-di-tert-butyl-4-hydroxyhydrodnnamate)] methane. Additionally, certain silanes in 
small quantities, e.g., as low as 0.0001 percent to 0.01 percent by weight, may be used as stabilizers. An example of a 
suitable silane is 3-aminopropyl trimethoxystlane. 

When a stabilizer is used, it may be incorporated in a total amount of from about 0.0001 percent to about 3.0 per- 
cent, based on the weight of the (A) through (D) ingredients. Preferably, it is included in the range from about 0.25 per- 

40 cent to about 2.0 percent by weight, and more preferably in the range from about 0.5 percent to about 1 .5 percent by 
weight, based on the total weight of the (A) through (D) ingredients. Desirable properties of a stabilizer include (1 ) non- 
migration (probably enhanced by low polarity and high molecular weight) and (2) basicity (to allow it to help in neutral- 
izing residual acid which might prematurely initiate polymerization). Preferred stabilizers include thiodiethylene bis (3,5- . 
di-tert-butyl-4-hydroxy) hydrocinnarnate and 3-aminopropyl trimethoxysilane. 

45 \ . , 

PREFERRED COMPOSITIONS 

Preferred primary compositions for coating an optical fiber, then, comprise the following: . * * 

so (A) from about 30 percent to about 70 percent by weight of an aliphatic urethane acrylate oligomer having as a 
backbone polytetramethylene polyol; 

(B) from about 10 percent to about 60 percent by weight of polypropylene glycol nonylphenylether acrylate; 

(C) from about 0.3 percent to about 1 .0 percent by weight of vinyl-tris-(2-methoxyethoxy silane) adhesion promoter; 

(D) from about 2.0 percent to about 7.0 percent by weight of hydroxycyclohexylphenyl ketone photoinitiator; 

55 (E) from about 0.5 percent to about 8.0 percent by weight of isooctyl-3-mercaptopropionate, a chain transfer agent; 

(F) from about 0.5 percent to about 1 .5 percent of thiodiethylene bis-(3,5<ii-tei1-butyl-4-hydroxy) hydrocinnarnate 
stabilizer; and 

(G) from about 0.0001 to about 0.01 percent by weight of 3-aminopropyl trimethcxy silane stabilizer, 
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wherein all of the stated percentages are percentages by weight, based upon total weight of (A) through (D), inclu- 
sive, 

and wherein the composition, after radiation cure, exhibits an increase in length from swelling of no more than 
about 40, percent when soaked in gasoline at room temperature for four hours and a water absorption value, as 
5 * described in Example I, below, of no more than about 5 % by weight. 

Two other preferred primary coatings are ones wherein the (B) component, above, comprises either a mixture of 
polyethylene glycol nonyiphenylether acrylate with lauryl acrylate or polyethylene glycol nonylphenylether acrylate 
alone. 

w The primary, coating of this invention may either be topcoated with a secondary coating as known in the art, or may, 
in some cases, if tailored to be suitable therefor, be a monocoat wherein only this primary coating is required. A suitable 
secondary optical fiber coating, when used, optimally possesses good thermal, oxidative and hydrolytic stability; hard- 
ness; high modulus; high glass transition temperature; and high refractive index. 
' An optional secondary coating may be applied atop the primary coatings of the invention. Suitable secondary coat- 

15 ings are those which are known in the art. 

Such secondary coating, may, for example, comprise about 10 percent to about 90 percent by weight of an aliphatic 
urethane oligomer based on a polyester and/or polyether and containing a reactive terminus; from about 20 percent to 
about 60 percent by weight of a hydrocarbonaceous viscosity-adjusting component capable of reacting with the reactive 
terminus of the oligomer; and optionally, from about 0.05 percent to about 10.0 percent by weight of a phptoinitiator. 

20 One preferred secondary coating may comprise from about 40 percent to about 80 percent by weight of a mixture 
of aliphatic urethane acrylate oligomers based on polyether backbones; from about 25 percent to about 50 percent by 
weight of a mixture of isobornyl acrylate and hexanediol diacrylate; and from about 2.0 percent to about 7.0 percent by 
weight of hydroxycylcohexylphenyl ketone photoinitiator. 

25 PREPARATION OF A COATED OPTICAL FIBER 

The invention also relates to a process for preparing a coated optical fiber. The process comprises 

(1 ) applying to an optical glass fiber a primary coating composition layer comprising 

30 . ■ -. 

(A) from about 10 percent to about 90 percent by weight, based upon total weight of (A), (B). (C) and (D), of a 
reactively terminated urethane oligomer which is the reaction product of (i) a polyether polyol; (ii) an aliphatic 
polyisocyanate; and (iii) an endcapping monomer capable of supplying a reactive terminus; 

(B) from about 5 percent to about 80 percent by weight, based upon total weight of (A), (B), (C) and (D), of one 
35 . or more monomer diluents terminated with at least one end group capable of reacting with the reactive termi- 
nus of (A); 

(C) from about 0.1 percent to about 3.0 percent by weight of an organofunctional silane adhesion promoter; 
and 

(D) optionally, from about 1.0 percent to about 10.0 percent by weight, based upon total weight of (A), (B), (C) 
40 and (D), of a photoinitiator, 

wherein the composition, after radiation cure, exhibits an increase in length from swelling of no more than about 40 
percent when soaked in gasoline at room temperature for four hours and a water absorption value of ho more than 
about 5 % by weight; and 
45 (2) radiation-curing said coating in situ. 

The reactive termini of (A) and (B) are preferably selected from acrylate and methacrylate. 
In one embodiment, the process comprises applying only the primary coating of the invention to the optical fiber 
and radiation-curing the coating in silu,; 
so In an alternative embodiment, a secondary coating may be applied atop the primary coating of this invention, and 
the two coatings simultaneously radiation cured. 

The primary and/or secondary coatings may be applied and cured by any method known in the art. A preferred 
method, whereby two coatings are applied wet-on-wet. is disclosed in U.S. Patent 4,474,830 to C. Taylor of AT&T Bell 
Laboratories. The coating or coatings may then be cured in siju, preferably by ultraviolet irradiation, to obtain a cured 
55 polymeric coating. Alternatively, the primary coating may be applied and cured, after which the secondary coating may 
be applied and cured. 
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COATED OPTICAL FIBERS OF THE INVENTION . , 

The invention further relates to optical fibers, and especially to glass optical fibers, that are coated with the primary 
coating of this invention alone, or coated with the primary coating of this invention and a secondary coating. 
s In one embodiment, the invention is a coated optical fiber comprising: 

(a) a glass optical fiber; 

(b) a radiation cured primary coating layer comprising the cured reaction product of : 

10 (A) from about 10 percent to about 90 percent by weight of a reactively terminated urethane oligomer which is 

the reaction product of (i) a polymer polyol, (ii) an aliphatic polyisocyanate, and (iii) an endcapping monomer 
capable of supplying a reactive terminus; 

(B) from about 5 percent to about 80 percent by weight of one or more monomer diluents which are terminated 
with at least one end group capable of reacting with the reactive terminus of (A); 
is (C) from about 0. 1 to about 3.0 percent by weight of an organofunctional silane adhesion promoter; and 

(D) optionally, from about i .0 percent to about 1 0.0 percent by weight of a phbtoinitiator, 

wherein all of the stated percentages are precentages by weight based on total weight of (A), (B) , (C) and (D); and 

(c) a radiation cured secondary coating layer comprising the cured reaction product of 

20 

(I) from about 1 0 percent to about 90 percent by weight of an aliphatic urethane oligomer based on a polyester 
and/or polyether and containing a reactive terminus; 

(II) from about 20 percent to about 60 percent by weight of hydrocarbonaceous viscosity-adjusting component 
capable of reacting with the reactive terminus of (I); 

25 (III) optionally, from about 0.05 percent to about 10.0 percent by weight of a photoinitiator, wherein all of the 

stated percentages are percentages by weight based on total weight of (I), (II) and (III). 

In a preferred embodiment, the invention is a coated optical fiber comprising: 

30 (a) a glass optical fiber; 

(b) a radiation-cured primary coating layer comprising the cured reaction product of 

(A) from about 10 percent to about 90 percent by weight of an acrylated or methacrylated urethane oligomer 
which is the reaction product of (i) a polyether polyol; (ii) an aliphatic polyisocyanate; and (iii) an endcapping 

35 monomer selected from the group consisting of hydroxyalkylacrylate and hydroxyalkylmethacrylate; 

(B) from about 5 percent to about 80 percent by weight of one or more acrylate or methacrylate monomer dilu- 
ents; 

(C) from about 0.1 percent to about 3.0 percent by weight of an organofunctional silane adhesion promoter; 
and 

40 (D) optionally, from about 1 .0 percent to about 1 0 percent by weight of a photoinitiator, 

wherein all of the stated percentages are percentages by weight based on total weight of (A), (B), (C) and (D); and 

(c) a radiation-cured secondary coating layer comprising the cured reaction product of 

45 (I) from about 40 percent to about 80 percent by weight of a mixture of aliphatic urethane acrylate oligomers 

based on polyether backbones; 

(II) from about 25 percent to about 50 percent by weight of a mixture of isobornyf acrylate and hexanediol dia- 
crylate;and 

(III) from about 2.0 percent to about 7.0 percent by weight of hydroxycydohexylphenyl ketone photoinitiator; 
so and 

wherein all of the stated percentages are percentages by weight based on the total weight of (I), (II) and (III). 

In another preferred embodiment, the invention is a coated optical fiber comprising 

55 ♦ 

(a) a glass optical fiber; _ , 

' (b) a radiatibn r cured primary coating layercbmprisingthe curedYeactionr3roductof 
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(A) from about 30 percent to about 70 percent by weight of an aliphatic urethane acryiate oligomer having as 
a backbone a tetramethylene polyol; 

(B) from about 10 percent to about 60 percent by weight of polypropylene glycol nonylphenyiether acryiate; 

(C) from about 0.3 percent to about 1 .0 percent by weight of vinyl-tris-(2-methoxyethoxy silane) adhesion pro- 
5 moter; and' 

(D) from about 2.0 percent to about 7.0 percent by weight of hydroxycyclohexylphenyl ketone photoinitiator, 

wherein all of the stated percentages are percentages by weight, based upon total weight of (A), (B), (C) and (D); 
and 

io (c) a radiation-cured secondary coating layer comprising the cured reaction product of 

(I) from about 40 percent to about 80 percent by .weight of a mixture of aliphatic urethane acryiate oligomers 
based on polyether backbones; 

(II) from about 25 percent to about 50 percent by weight of a mixture of isobornyl acryiate and hexanediol dia- 
75 crylate;and 

(III) from about 2.0 percent to about 7.0 percent by weight of hydroxycyclohexylphenyl ketone photoinitiator; 
and 

wherein all of the stated percentages are percentages by weight based on the total weight of (I), (II) and (III). 

20 

The primary coating surrounding the fiber forms a cured polymeric material preferably having a glass transition 
temperature (Tg) of about -20°C and preferably lower, i.e., about -30°C, or even lower. 

The primary coating has an optimized adhesion to its substrate, high enough to remain adhered thereto under use 
conditions, yet not so high as to impair strippabilrty for splicing. Preferably, the coating will require between about 10 and 

25 about 200 grams of force to peel it from a glass substrate at 50% relative humidity, and between about 5 and about 100 
grams of force at 95% relative humidity. It should be appreciated, however, that, in embodiments where stripping and 
splicing are limited, such as in transoceanic cables, even higher peel forces may be acceptable. It should also be appre- 
ciated that peel force is not a precise, but rather a general, indicator of strippabilrty from glass fibers. 

When cured, the coating of the invention confers extraordinary thermal, hydrolytic and oxidative stability to the fiber 

30 and relieves stress thereon. Such long term stability is evidenced by acceptable performance under accelerated aging 
conditions of increased temperature and humidity. Additionally, the coating has excellent resistance to both water and 
gasoline absorption, and the fiber so coated is otherwise well protected from environmental damage. Specifically, the 
coating exhibits an increase in length from swelling (as a measure of solvent penetration) of no more than about 40% 
when soaked in gasoline at room temperature for four hours, and preferably no more than about 35%, and a water 

35 absorption value of no more than about 5% by weight, and preferably no more than about 3% by weight, when tested 
in the manner described in Example I, infra . 

The coating compositions of the present invention have been disclosed hereinabove for use as optical fiber coat- 
ings, However, it is to be understood that these coatings may be used in any embodiment wherein stable, water and 
solvent resistant coatings are desired, especially for coating the surface of an optically useful article. For example, the 

40 coatings may be used for such diverse end uses as coating sheet glass (i.e., in the preparation of safety glass) to coat- 
ing vinyl materials (e.g., in preparing no-wax floors). Other optically useful articles which may be prepared include but 
are not limited to photoswitches, photorelay devices, microelectronic devices, photocoupling devices, and so forth. 

EXAMPLES ( 

45 ■ 

The following Examples serve to further illustrate the invention. In these Examples and elsewhere throughout this 
application, all parts and percentages are by weight, on a dry solids basis, and all temperatures are in degrees centi- 
grade unless expressly stated to be otherwise. In all of the Examples, cure doses were measured with an International 
Light IL 745-A radiometer with model A309 light bug. Unless otherwise noted, throughout the Examples and the remain- 

so der of this application, "modulus" refers to 2,5% tensile modulus, measured using an Instron tensile tester. Unlike in the 
remainder of the^application, where percentage by weight referred to the total weight of the (A) through (D) ingredients, 
parts by weight in the Examples refers to the total composition described In that Example, including all components. 
The optional ingredients are identified by an asterisk (*) in the Examples. It should be noted that, although the specifi- 
cation teaches that the photoinitiator is optional, it is required in the Examples, all of which employ ultraviolet cure. The 

55 other components are essential for use, if the exemplified coating is to meet the rigorous requirements for a commer- 
cially acceptable coating for optical glass fiber. 
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. i. 

Example I 

A Primary Coating Having Good Organic Solvent and Water Resistance Which is Thermally, Hvdrolvticallv and Oxida- 
tive^ Stable 

The following composition was formulated: 



10 


Ingredient 


Parts by Weight 




ALU-351 polyether-based aliphatic urethane acrylate oligomer based on polytetramethylene 
polyol (from Echo Resins and Laboratory, Versailles, MO)(A) 


60.0 


15 


Aronix M-1 1 1 polyethylene glycol nonylphenylether acrylate monomer (fromToagasei Chemical 
Industry Company Ltd.. Tokyo, Japan)(B) 


approx. 21.00 * 




lauryl acrylate monomer (B) 


4.20 




A-172 vinyl-trts-(2-methoxyethoxy silane) adhesion promoter (from Union Carbide Corp., Dan- 
bury, CT)(C) 


0.80 


20 


Irgacure 184 hydroxycyclohexyl phenyl ketone photpinitiator (from Ciba Geigy Corp., Haw- 
thorne, NY.) (D) , 


6.00 




Isooctyl 3-mercaptopropionate chain transfer agent (E)* 


7.00 


25 


Irganox 1035 thiodiethylene bis-(3,5-di-tert-butyl-4-hydroxy) hydrocinnamate antioxidant and 
thermal stabilizer (from Ciba Geigy) (F)* 


1.00 




A-1 110 3-aminopropyl trimethoxysilane shelf stabilizer (from Union Carbide) (F)* 


0.00375 



30 The uncured coating composition had the following viscosity values at these temperatures, measured by a Brook- 
field viscometer, model LVT, 6 rpm, # 34 spindle: 4250 cps at 25°C; 3360 cps at 28°C; 2810 cps at 30°C; 1940 cps at 
35°C; and 1 305 cps at 40°C. The uncured composition had a refractive index of 1 .4870 at 24.2°C and a density of 8.66 
lb/gal (1 .04 g/cc). 

A 6 mil coating of this composition was applied to a flat glass sheet using a Bird applicator and cured in air at 0.7 
35 J/cm 2 using a 200 watts per inch medium pressure mercury vapor lamp. 

Oxidative induction temperature was measured as follows. A sample of the above coating was subjected to differ- 
ential scanning calorimetry under oxygen at a flow rate of 20 cc/mjn. Approximately 10 milligram samples were heated 
in open pans by increasing the temperature at a rate of 10°C/minute from 100°C to exotherm. The oxidative inductive 
temperature, or the point at which the exotherm began, was 200°C. 
40 The cured film had a rupture strength of 91 .1 psi; elongation at break of 67.5%; TGA volatiles content of 6.53%; 
and a cured film refractive index of 1 .4974 at 24.2°C. Its glass transition temperature, as measured by differential scan- 
ning calorimetry, was broad and indistinct Its cure ratio (ratio of 2.5% moduli at 25°C when cured in air at 0.2 J/cm 2 and 
at 0.7 J/cm 2 , respectively) was 79.7%. 

The effect of temperature on 2.5% modulus of the cured film was as follows: 25°C: 190.1 psi(1.31 x10 3 kPa);0°C: 
45 178.0 psi (1.23 x 10 3 kPa); -20°C: 403.7 psi (2.78 x 10 3 kPa); -40°C: 21,643.0 psi (149.23 x 10 3 kPa); and - 60°C: 
188,003.0 psi (1296.28 x 10 3 kPa). 

Water absorption of the sample was measured as follows. The cured film was equilibrated at 50% (± 5%) relative 
humidity and 23°C (± 2°C) for 48 hours. After this conditioning, the sample was weighed and a weight "A" recorded. The 
sample was then soaked for 24 hours at 25°C in distilled water, then patted dry and weighed; this weight was recorded 
so as "B". The sample was next placed in a vacuum desiccator under 10 mmHg pressure at 25°C for 24 hours, removed 
and again equilibrated at 50% (± 5%) relative humidity and 23°C (± 2°C) for 48 hours and weighed; this third weight was 
recorded as "C". Percent water absorption measured as B-C/A x 1 00 was about 1 .78% for an average of three sam- 
ples. This value is referred to as the water absorption value. 

Other samples of this 6 mil thick coating were tested as follows to determine the effect of accelerated ageing on 
55 various properties. Samples were conditioned for 48 hours at 50% (± 5%) reJative humidity and 25°C (± 2°C). The sam- 
ples were then placed on dips and hung in an environmental chamber under the following accelerated ageing condi- 
tions: 
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(1) 125°Cfor7days; 

(2) 93.3°Cfor 10 days; 

(3) 93.3°C for 10 days at 95% relative humidity (RH); 

(4) 93.3°Cfor30days;and 

(5) 93.3°C for 30 days at 95% relative humidity. 

After the designated time period, the samples were removed and equilibrated at 23°C (± 2°C) and 50% (± 5%) relative 
humidity for 48 hours. The samples were then weighed and the following properties were recorded: 



w 



125°C7days 



93.3°C 10 
days 



93.3°C10 
days 95% RH 



93.3°C 30 
days 



93.3°C 30 
days 95% RH 



15 



20 



PS 



weight change (%) 

am 

2.5% modulus change (%) at 



2, 5 % m o d, a t 

25°C 



25°C 

rupture 
strength 



% elongation at break 



am 



-7.16 , 
192.2 
1325.2 
-8.4% 

98.6 

679.8 

78.1 



-6.32 
204.8 
1412.1 
-2.4% 

109.6 
755.7 
84.1 



-1.98 
194.3 
1339.7 
-7 : 4% 

88.0 

606.8 

69.3 



-6.40 
203.0 
1399.7 
-3.2% 

97.2 

670.2 

70.1 



-2.63 
145.8 
1005.3 
-30.5% 

71.4 

492.3 

73.2 



Glass adhesion was measured using a normalised peel test in the following manner. A 3 mil coaling of this compo- 
sition was applied to a microscope slide and cured in air at 0.7 J/cm 2 A 3 mil coating of a liquid secondary coating was 
then applied atop this and cured in the same manner. A one-inch slit was made down the centre of the slide and the 

30 slide conditioned at 23°C (± 2°C) and 50% (± 5%) relative humidity for 24 hours and then put in the jaws on an Instron 
tensile tester, crosshead speed set at 20 mm/min, to measure peel force at 50% relative humidity. For testing peel at 
95% relative humidity, the slide was conditioned for a further 24 hours at 95% (± 5%) relative humidity and then tested 
with the Instron as above. About 68 grams of force were required to peel the coating at 50% relative humidity and about 
25 grams at 95% relative humidity. 

35 Solvent resistance was measured by conducting a swell test wherein a film sample was soaked in gasoline for four 
hours at room temperature and length change measured, A percent change of 34.0 was noted. 

EXAMPLE H . ' 

40 Another Coating Having Excellent Organic Solvent and Water Resistance and Good Thermal. Hvdrolvtic and Oxidative 
Stability. Though Somewhat Poorer Strippabilrtv 

A coating composition was made up as follows: 



45 



Ingredient 


Parts by Weight 


ALU-351 polyether based aliphatic urethane acrylate oligomer based on polytetramethylene 
polyol (from Echo Resins and Laboratory) (A) 

M-1 11 polyethylene glycol nonylphenylether acrylate monomer (from Toagasei Chemical Indus- 
try Company) (B) 

A-172 vinyl-tris-(2-methoxyethoxy silane) adhesion promoter (from Union Carbide)(C) 
Irgacure 184 hydroxycyclohexylphenyl ketone photoinitiator (from Ciba Geigy) (D) 
Isooctyl 3-mercaptopropionate chain transfer agent(E)- .. - _ . ~ 


56.00 

29.99 

1.00 
6.00 
6.00 
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(continued) 



Ingredient 



Parts by Weight 



Irganox 1035 thiodiethylene bis-(3.5-di-tert-butyl-4-hydroxy) hydrocinnamate antioxidant and 
thermal stabilizer (from Ciba Geigy) (F) 

A-1 1 10 3-aminopropyl trimethoxysilane shelf stabilizer (from Union Carbide) (F) 



1.00 
0.01 



10 



15 



20 



25 



30 



35 



40 



This coating composition, before cure, had the following temperature/viscosity profile, measured by a Brookfield 
viscometer, model LVT, 6 rpm, # 34 spindle: 4720 cps at 25°C; 3780 cps at 28°C; 3070 cps at 30°C, 2060 cps at 35°C; 
and 1385 cps at 40°C. The liquid composition had a refractive index of 1 .4908 at 25° C and a density of 8.58 lb/gal (1 .03 
g/cc). 

A 6 mil coating of this composition was cast and cured as in Example I. 

The cured film of this Example had a rupture strength of 82.6 psi (569.5 kPa); elongation at break of 57.4%; TGA 
volatiles content of 6.37%; oxidative induction temperature of 205°C; and a cured film refractive index of 1 .50 1 4 at 25°C. 
Its glass transition temperature was -3 1.7°C. (midpoint) (-35.8°C onset) and its cure ratio (as described in Example I) 
was 85.9%. • ' 

The effect of temperature on 2.5% modulus was as follows for the cured film: 25°C: 226.0 psi (1558.3 kpa); 0°C: 
217.0 psi (1496.2 kPa); -20°C: 777.4 psi (5360.2 kPa); -40°C: 71 ,796.0 psi (495.03 x 10 3 kPa); and -60°C: 222,675.0 
psi (1535.3 x10 3 kPa). . 

An excellent value for water absorption of 1 .40% was measured in the manner described in Example I, after a 24 
hour soak, as an average of three samples. 

Other samples of this coating were tested under the same accelerated ageing conditions as in Example I. The fol- 
lowing properties were observed for the cured coating described in this Example: 



125 0 C7,days 



93.3°C 10 
days 



93.3°C10 
days 95% RH 



93.3°C 30 
days 



30 days 95% 
RH 



weight change (%) 
Tq (midpoint) (°C ) 

am 

2.5% modulus change (%) at 



2,5% mod, at 

25 b C 



25°C 

rupture 
strength 



% elongation at break 



am 



-6.89 

-29.4 

229.5 

1582.4 

6.8 

126.1 
869.5 
88.6 



-6.42 

-29.6 

229.3 

1581.0 

6"7 

137.6' 

948.8 

81.2 



-0.89 

-32.8 

220.0 

1516.9 

2.4 

93.4 

643.9 

64.0 



-6.50 

-2BA, 

236.1 

1627.9 

9.9 

117.2 
808.1 
73.3 



0.23 

-33:9 

173.0 

1192.8 

-19.5 

90.7 

625.4 

63.7 



45 



50 



Glass adhesion, a measure of strippability, was measured at about 84 grams of force at 50% relative humidity and 
about 28 grams at 95% relative humidity, considerably higher than the comparable values in Example I. 

However, a percent change of only 31 .2% was measured in the gasoline swell test, slightly superior to Example I. 

EXAMPLE III 

A Primary Coating Having Organic Solvent and Water Resistance Which is Thermally. Hvdrolvtically and Oxidativelv 
Stable • 

.The following composition was made up: 



55 
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I ng reui em 


Parte hv Weinht 
rdi lo uy vveiyi u 


5 


ALU-351 poiyether-based aliphatic urethane acrylate oligomer based on polytetramethylene 
poiyoi ^Tiorn cent) neoins anu Lauoraiory^ , 


56.00 




Aronix M-1 17 polypropylene glycol nonylphenylether acrylate monomer (from Toagasei) (B) 


about 32.50 


10 


A-172 vinylrtris-(2-methoxyethoxy silane) adhesion promoter (from Union Carbide) (C) 


1.00 


Irgacure 184 hydroxycyclohexyl phenyl ketone photoinitiator (from Ciba-Geigy) (D) 


4.00 




lsooctyl-3-mercaptopropionate chain transfer agent (E)* 


5.50 


15 


Irganox 1035 thiodiethylene bis-(3,5-di-tert-butyl-4-hydroxy) hydrocinnamate antioxidant and 
thermal stabilizer (from Ciba-Geigy) (F)* 


1.00 




A-11 10 3-aminopropyl trimethoxysilane shelf stabilizer (from Union Carbide) (F)* 


0.00375 



Before cure, the coating composition of this Example had the following temperature/viscosity profile, measured by 
20 Brookfield viscometer, model LVT, 6 rpm, #34 spindle: 25°C:5440 cps; 28°C:4280 cps; 30°C: 3490 cps; 35°C:2370 cps; 
40°C:1085 cps. The uncured composition had a refractive index of 1 .4852 at 26.0°C and a density of 8.69 lb/gal (1 .04 
g/cc). 

A 6 mil coating was cast and cured as in previous Examples. 

The cured film of this Example had a rupture strength of 99.4 psi (685.4 kPa); elongation at break of 60.4%; TGA 
25 volatiles content of 4.86%; oxidative induction temperature of 193°C; and a cured film refractive index of 1.4949 at 
25.7°C. Its glass transition temperature was -38.6°C (midpoint) (-48.7°C onset) and its cure ratio was 85.4%. 

The effect of temperature on 2.5% modulus was as follows for the cured film: 25°C:244.0 psi (1682.4 kPa); 
0°C:223.8 psi (1543.1 kPa); -20°C:618.3 psi (4263.2 kPa); -40°C:49,187 psi (339.1 x 10 3 kPa); and -60°C:202,582 psi 
(1396.8 x10 3 kPa). 

30 A water absorption value, measured as in Example I, after a 24 hour soak, of 1 .58% was measured, as an average 
of three samples. 

Other samples were subjected to the accelerated ageing tests described in Example I, and the following properties 
observed: 



35 



125°C7days 



93.3°C 10 
days 



93.3°C 10 
days 95% RH 



93.3°C 30 
days 



93.3°C30 
days 95% RH 



weight change (%) 
2.5% mod, at fpsi) 
^ (kPaV 
2,5% modulus change (%) at 



25°C 

rupture 
strength 



% elongation at break 



am 



-6.07 
238.5 
1644.5 
-2.3% 

,92.5 
637.8 
56.5 



-4.81 
253.9 
1750.6 
4.1% 

100.9 
695.7 
57.2 



0.51 
234.0 
1613.4 
-4.1% 

94.1 

648.8 

58.1 



-5.26 
259.4 
1788.6 
6.3% 

95.2 

656.4 

51.7 



-0.46 
199.3 
1374.2 
-18.3% 

84.2 

580.6 

62.6 



55 



The samples had excellent long term stability as well as organic solvent and moisture resistance. 

Glass adhesion was measured at about 31 grams of force at 50% relative humidity and about 1 3 grams at 95% rel- 
ative humidity, for an average of four samples. A percent change (length) of 34.7 was measured after a four hour soak 
in gasoline at room temperature. 
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EXAMPLE IV , 

Another Primary Coating Having Acceptable Viscosity. Refractive Index and Strippabilitv 
The following coating composition was made up: 



Ingredient 


Parts by Weight 


ALU-352 polyether-based aliphatic urethane acrylate oligomer analogous to the oligomer of 
Example I except having a molecular weight about 1 .5 times as high, a higher viscosity and a 
lower modulus (from Echo Resins) (A) 


55.0 


Photomer 4003 polyethylene glycol nonylphenylether acrylate monomer (higher ethoxylation 
than M-1 1 1 monomer used in Example I) (from Henkel Corporation, Ambler, PA) (B) 


22.0 


lauryl acrylate monomer (B) , * 


12.00 


A-172 vinyl-tris-(2-methoxyethbxy silane) adhesion promoter (from Union Carbide) (C) 


1.00 


Irgacure 1 84 hydroxycyclohexyl phenyl ketone photoinitiator (D) 


6.00 


Octadectyl-3-mercaptopropionate chain transfer agent (E)* 


2.50 


Irganox 1035 thipdiethylene bis-(3,5-di-tert-butyl-4-hydroxy) hydrocinnamate antioxidant and 
stabilizer (F)* 


1.5 



This coating composition had a viscosity, at 25°C, of 4900 cps and a refractive index of 1 .4795. A six mil film of this 
coating had desirably low adhesion to a glass sheet. No accelerated aging tests were performed, but it is expected that 
the coating will perform well under such conditions. 

EXAMPLE V 

A Composition Having Good Aoing Characteristics But Less Than Optimal Swelling 
The following composition, similar to that of Example II, was made up: 



Ingredient 


Parts by Weight 


ALU-353 polyether-based aliphatic urethane acrylate oligomer analogous to the oligomer of 
Example II except having a molecular weight about 2,0 times that of ALU-351 , a higher viscosity 
and a lower modulus (from Echo Resins) (A) 


36.75 


Aronix M-1 1 1 polyethylene glycol nonylphenylether acrylate monomer (from Toagasei) (B) 


55.00 


A-1 72 vinyt-tris-(2-methoxyethoxy silane), (from Union Carbide) (C) 


1.00 


Irgacure 184 hydroxycyclohexyl phenyl ketone photoinitiator (from Ciba Geigy (D) 


6.00 


lsooctyl-3-mercaptopropionate chain transfer agent (E) * 


0.25 


Irganox 1035thiodiethylenebis-(3,5-di-tert-butyl-4-hydroxy) hydrocinnamate stabilizer (from Ciba 
Geigy) (F) * 


1.00 



The uncured coating had a viscosity of 5050 cps at 25°C and a cure ratio of 82.4%. The composition, when cast, 
cured and subjected to the accelerated aging conditions of Example 1 , performed well, but had a swelling value of 
46.0%. This is believed to be a somewhat deleterious result of using a higher molecular weight oligomer. 
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EXAMPLE VI 

A Composition Exhibiting Low Swelling Prepared From A Mixture Of Oligomers And Absent A Chain Transfer Agent 



The following composition was made: 


Ingredient 


Parts by Weight 


ALU-351 polyether-based aliphatic urethane acrylate oligomer analogous to that of Example I, 
but having a molecular weight about 2.6 times as high (from Echo Resins) (A) 


20.00 


Uvithane ZL-1178 polyether-based aliphatic urethane acrylate oligomer (from Morton Thiokol 
Inc., Princeton, NJ) (A) 


20.00 


Aronix M-1 1 1 polyethylene glycol nonylphenylether acrylate (from Toagasei) (B) 


52.00 


A1 72 vinyl-tris-(2-methoxyethoxy silane) (from Union Carbide) (C) 


1.00 


Irgacure 184 hydroxycyclohexyl-phenyl ketone photoinitiator f ram (Ciba Geigy) (D) 


6.00 


Irganox 1035 thiodiethylene bis-(3,5-di-tert-butyl-4-hydroxy) hydrocinnamate stabilizer (from 
Ciba Geigy) (F)* 


* 1.00 



The composition had a viscosity of 6420 cps at 25°C and a modulus of 264.3 psi (1822.3 kPa). When cast, cured 
and tested as in previous Examples, a gasoline swelling measurement of 36.7% was recorded. 

EXAMPLE VII 

A Composition Made From A Mixture of Oligomers 
The following formulation was made up: 



Ingredient k 


Parts by Weight 


ALU-350 polyether-based aliphatic urethane acrylate based on polytetramethylene polyol (from 
Echo Resins) (A) 


36.00 


ALU-353 polyether acrylate analogous to ALU-350, but having 2.7 times the molecular weight 
(Echo Resins) (A) 


10.00 


Aronix M-1 1 1 polyethylene glycol nonylphenylether acrylate (from Toagasei) (B) 


35.00 


A-172 vinyi-tris-(2-methoxyethoxy silane) adhesion promoter (from Union Carbide) (C) 


2.00 


Irgacure 184 hydroxycyclohexylphenyl ketone photoinitiator (from Ciba-Geigy) (D) 


6.00 


Octadecyl-3-mercaptopropionate chain transfer agent (E)* 


10.00 


Irganox 1 035 thiodiethylene bis-(3,5-di-tert-butyl-4-hydroxy) hydrocinnamate stabilizer (from 
Ciba Geigy) (F)* 


1.00 


A- 11 1 0 aminopropyl-3-methoxyethoxy silane (from Union Carbide) (F)* 


0.01 



This composition had a viscosity of 2620 cps at 25°C. When drawn down and cured as in earlier Examples, a cure 
ratio of 68.2%, a gasoline swelling value of 35.4%, and peel test values at 50% relative humidity of 105.0 grams and at 
95% relative humidity of 45.4 grams were measured. 
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EXAMPLE VIM 

A Composition Having Good Solvent Resistance and Good Thermal Ageing Properties 
The following composition was made up: 



Ingredient 


Parts by Weight 


Purelast® 569 polyether-based aliphatic uretharie acrylate (from Polymer Systems Corp., 
Orlando, Florida) (A) 


* 8.0 


ALU-350 polyether-based aliphatic urethane acrylate oligomer based on polytetramethylene 
polyol (from Echo) (A) 


about 44.00 


Aronix M-1 1 1 polyethylene glycol nonytphenylether acrylate monomer (from Toagasei) (B) 


34.00 


A172 \nnyl-tris-(2-methoxyethoxy silane) adhesion promoter (from Union Carbide) (C) 


2.00 


Irgacure 184 hydroxycyclohexyl-phenyl ketone photoinitiator from (Ciba Geigy) (D) 


6.00 


lsooctyl-3-mercaptopropionate chain transfer agent (E) 


5.00 


Irganox 1035 thiodiethylene bis-(3,5-di-tert-butyl-4-hydroxy) hydrocinnamate stabilizer (from 
Ciba Geigy) (F)* 


1.00 


A-1 1 1 0 3-aminopropyl trimethoxysilane stabilizer (from Union Carbide) (F)* 


0.0025 



The composition had a viscosity of 4100 cps at 25°C. 

When cast and cured (at 0.7/cm 2 in air) as in preceding Examples, the composition performed well: it exhibited a 
2.5% modulus at 25°C of 228. 1 psi (1 572.7 kPa); swelled 28,4% in length after soaking in gasoline at room temperature 
for 4 hours; required 1 10 grams of force to peel at 50% relative humidity and 46 grams at 95% relative humidity; and 
performed well after seven days' aging at 1 25°C. 

EXAMPLE IX 

Another Composition Which Performed Well On Long Term Thermal Aging 
The following composition was made up: 



Ingredient 


Parts by Weight 


Purelast® 566 polyether-based aliphatic urethane acrylate oligomer (from Polymer Systems 
Corp.) (A) • 


64.00 


Aronix M-1 17 polypropylene glycol nonytphenylether acrylate (from Toagasei) (B) 


20.00 


lauryl acrylate (B) 


10.00 


A- 172 vinyl-tris (2-methoxyethoxy silane) adhesion promoter (from Union Carbide) (C) 


1.00 


Darocur 1 173 hydroxymethylphenyl propanone photoinitiator (from Ciba Geigy) (D) 


4.00 


Irganox 1010 tetrakis [methylene (3,5-di-tert-butyl-4-hydroxy-hydrocinnamase)]methane 


1.00 



.This composition had a viscosiy of 4920 cps at 25°C, It was cast and cured as in previous Examples, and, after 
cure, had a cure ratio of 55.3%. It performed well after dry aging at 125°C for 7 days. 
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EXAMPLE X 

A Composition Having Good Solvent Resistance and Higher Adhesion 
The following composition was made up: 



Ingredient 


Parts by Weight 


Purelast® 590 polyether-based aliphatic urethane acrylate oligomer (from Polymer Systems 
Corp.) (A) 


46.00 


Aronix M-1 1 1 polyethylene glycol nonylphenylether acrylate monomer (from Toagasei) (B) 


39.95 


Lauryl acrylate (B) 


5.00 


A-1 72 vinyl-tris-(2-methoxyethoxy silane) adhesion promoter (from Union Carbide) '(C) 


1.00 


Irgacure 1 84 hydrpxycyclohexylphenyl ketone photoinitiator (from Ciba Geigy) (D) 


4.00 


lsooctyl-3-mercaptopropionate chain transfer agent (E)* 


300 


Irganox 1035 thiodi ethylene bis (3,5-di-tert-butyl-4-hydroxy) hydrocinnamate stabilizer (from 
Ciba Geigy) (F)* 


1.00 


A-1 1 1 0 3-aminopropyl trimethoxysilane stabilizer (F) 


0.05 



The uncured composition had a viscosity of 4900 cps at 25°C. 

When cast and cured as in previous Examples, the composition exhibited a 2.5% modulus at 25°C of 149.2 psi; 
swelled only 26.5% in length after soaking in gasoline at room temperature for 4 hours; and required 198.9 grams of 
force to peel at 50% relative humidity. It is expected to perform well on long term aging. 

Example XI 

A Secondary Coating Formulation Suitable For Use With The Primary Coatings of this invention 
The following coating composition was prepared: 



Ingredient 


Parts by Weight 


Photomer 6008 aliphatic urethane acrylate oligomer with polyether backbone, having an acrylate' 
functionality of 2.6 (from Henkel Corporation, Ambler, PA) 


34.00 


AB2010A aliphatic urethane acrylate oligomer with polyether backbone, having an acrylate func- 
tionality of 2.4 (from American Biltrite Inc. , Lawrenceville, NJ) 


34.00 


Hexanediol diacrylate 


13.98 


Isobornyl acrylate 


13.00 


Irgacure 184 hydroxycyclohexylphenyl ketone photoinitiator (from Ciba Geigy) 


4.00 


Irganox 1035 thiodiethylene bis (3 f 5-di-tert-butyl-4-hydroxy) hydrocinnamate stabilizer (from 
Ciba Geigy) 


1.00 


DC 57 surface tension adjustment additive (from Dow Corning, Midland Ml) 


0.02 



This coating composition, before cure, had the following temperature/viscosity profile, measured using a Brookf iefd 
viscometer, model LVT, 6 rpm, #34 spindle: 5430 cps at 25°C; 4310 cps at 28°C; 3440 cps at 30°C; 2310 cps at 35°C; 
and 1520 cps at 40°C. Theliquid composition had a refractive index of 1 .4856 at 24.6 0 C and a density of 8.89 lb/gal 
(1.07g/cc). 
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A 6 mil coaling of the composition was cast and cured as in previous Examples. The cured film of this Example had 
a rupture strength of 3812 psi (26.3 x 1 0 3 KPa); elongation at break of 26.7%; TGA volatiles content of 4.78%; oxidative 
induction temperature of 21 0°C; and cured film refractive index of 1 .5060 at 24.6°C. Its cure speed was determined to 
be 0.4 J/cm 2 . The 2.5% tensile modulus of the coating was 90,528 psi (624.2 x 10 3 kPa) at 25°C and 4070 psi (28.1 x 
5 1 0 3 kPa) at 85°C. A water absorption value of 1 .59% was measured in the manner described in Example I, after a 24 
hour soak. 

Other samples of this coating were tested under the following accelerated ageing conditions: 

(1)125°Cfor7days; * 
10 (2)93.3°Cfor10days; 

(3) 93.3°C for 10 days at 95% RH; 

(4) 93.3°C for 30 days; and 

(5) 93.3°C for 30 days at 95% RH. 

is The following properties were observed for the cured coating described in this Example: 



20 



25 



30 



35 



40 



125°C7days 



93.3°C 10 
days 



93.3°C 10 
days 95% RH 



93.3°C 30 
days 



93.3°C 30 
days 95% RH 



weight change (%) 

2.5% mod, at 
25°C 



iQsjl 
(10%Pal 



2. $% mo dulus chang e (%) at 



25°C 

2,5% mod, at (esil 
822 dO^kPa) 
2.5% modulus change (%) at 



85°C 

(IQ ^kPa) 
% elongation at break 



rupture 
strength 



-4.42 
124,633 
859.3 
36.1 

4208 
29.0 
3.0 

4868 
33.6 
30.7 



-4.22 
122,136 
842.1 
33.4 

4343 

29.9 
6.3 

4362 

30.1 

25.8 



-0.88 
88,281 
608.7 
-3.6 

3705 
25.5 
-9.3 

3981 
27.5 ' 
30.0 



-4.26 
122,522 
844.8 
33.8 

4408 
30.4 
7.9 

4535 
31.3 
30.3 



-2.42 
97,850 
674.7 
6.9 

3466 
23.9 
-15.2 

3823 
26.4 
21.8 
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Example XII 

Another Secondary Coating Formulation • 

The following coating composition was prepared: 





Ingredient 


Parts by Weight 


50 


Photomer 6008 aliphatic urethane acrylate oligomer with polyether backbone, having an acrylate 
functionality of 2.6 (from Henkel Corporation) 


34.00 




AB201 OA aliphatic urethane acrylate oligomer with polyether backbone, having an acrylate func- 
tionality of 2.4 (from American Biltrite Inc.) 


34.00 




Hexanediol diacrylate 


13.99 


55 


Isoborny! acrylate 


13.00 




lrgacure„1 84 hydroxycydohexylphenyl ketone photoinitiator (from Ciba Geigy). . 


. 4.00 
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(continued) 



Ingredient * 


Parts by Weight 


Irganax 1035 thiodiethylene bis (3,5-di-tert-butyl-4-hydroxy) hydrocinnamate stabilizer (from 
Ciba Geigy) 

DC57 surface tension adjustment additive (from Dow Corning) 


1.00 
0.01 



The uncured coating of this Example had a refractive index of 1 .4856 at 24.2°C and a viscosity of 5320 cps at 25°C. 
10 A 6 mil coating was cast and cured as in previous Examples to produce a cured film having an oxidative induction 
temperature of 194°C and a cure ratio (ratio of 2.5% moduli at 25°C when cured in air at 0.2 J/cm 2 and at 0.7 J/cm 2 , 
respectively) of 100.9%. 

The coating, which is very similar to that of the previous Example, is.expected to perform equally well on long term 
aging, and is similarly well suited for use as a secondary coating atop the primary coatings of the invention. 

15 

. COMPARATIVE EXAMPLE I 
A Primary Coating Composition Which Aged Poorly 
20 The following composition was formulated: - 



25 


Ingredient 


Parts by Weight 


CN-966 polyester-based aliphatic urethane acrylate oligomer (from Sartomer Company) (A) 


45.00 




Aronix M-1 1 1 polyethylene glycol nonylphenylether acrylate (from Toagasei Chemical Industry 
Company, Ltd.) (B) 


34.50 


30 


lauryl acrylate (B) 


11.00 




Chemlink-2000 50-50 mixture of linear C14 and C15 diol diacrylates (from. Sartomer Company 
Exton, PA)(B) 


1.50 




A-172 vinyl-tris(2-methoxyethoxy silane) (from Union Carbide) (C) 


1.00 


35 


Irgacure 184 hydroxycyclohexylphenyl ketone photoinitiator (D) 


6.00 




Irganox 1 076 octadecyl-3,5-(di-tert-butyl-4-hydroxy)hydrocinnamate stabilizer (from Ciba Geigy) 
(FT 


1.00 



40 The liquid coating had an acceptable viscosity of 4630 cps at 25°C, and a good cure ratio of 62.4%, but, when cast 
on a glass sheet as a 6 mil coating, cured, and subjected to the accelerated aging tests described in Example I, per- 
formed very poorly under high humidity and/or high temperature conditions. 

COMPARATIVE EXAMPLE H 

45 

A Composition Having Goo d Solvent Resistance But Poor Thermal Ageing Stability 

A composition was made up which was identical to that of Example VIII above, but containing, in lieu of the Pure- 
last® 569 oligomer, Purelast® 169V, an analogous oligomer to 569 but based on an aromatic polyether rather than on 
so an aliphatic polyether and of higher molecular weight. 

This composition had a viscosity of 4230 cps at 25°C, and performed well, before thermal ageing, as well: it had a 
2.5% modulus of 214.1 psi or 1 476.2 kPa (when cured in air at 0.7 J/cm 2 ); swelled 28.2% when soaked in gasoline; and 
required 85.0 grams and 39.6 grams of force at 50% and 95% relative humidity, respectively, to peel. However, upon 
thermal.ageing at 1 25°C for only 3 days, an exudate was noted, indicating thermal instability. . , 

55 - 

- -CONCLUSION ..... ... . . .... . ... . „ . 

The primary coatings of the present invention, then, have several important qualities which make optical fibers 
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coated with them useful for many applications and particularly suitable in local area networks for fber-to-the-home 
uses. 

These coatings, when cured, possess excellent thermal, hydrolytic and oxidative stability over the long term, as 
predicted by accelerated ageing tests at increased temperature and humidity, and are r sistant to penetration of both 
water and organic solvents in order to protect the integrity of the underlying fibers. 

Claims 

1 . A radiation-curable coating composition for an optical fiber comprising 

(A) from 10% to 90% by weight of a reactively terminated urethane oligomer which is the reaction product of (i) 
a polyether polyol; (ii) an aliphatic polyisocyanate; and (iii) an endcapping monomer capable of providing a 
reactive terminus; 

(B) from 5% to 80% by weight of one or more monomer diluents which are terminated with at least one end 
group capable of reacting with the reactive terminus of (A); 

(C) from 0.1% to 3.0% by weight of an organofunctional silane adhesion promoter; and 

(D) optionally, from 1 .0% to 1 0.0% by weight of a photoinitiator, 

characterised in that the one or more monomer diluents in (B) are soft-curing monomers selected from: 

(i) hexyl acrylate; hexyl methacrylate; 2-ethylhexyl acrylate; 2-ethylhexyl methacrylate; isooctyl acrylate; 
isooctyl methacrylate; octyl acrylate; octyl methacrylate; decyl acrylate; decyl methacrylate; isodecyl acr- 
ylate; isodecyl methacrylate; lauryl acrylate; lauryl methacrylate; tridecyl acrylate; tridecyl methacrylate; 
palmitic acrylate; palmitic methacrylate; stearyl acrylate; stearyl methacrylate; C 14 - C 15 hydrocarbon diol 
diacrylates; C 14 - C 15 hydrocarbon diol dimethacrylates; and mixtures of the above. 

(ii) monomers having (1) an aromatic moiety, (2) a moiety containing acrylic or methacrylic unsaturation, 
and (3) a hydrocarbon moiety, which monomer (ii) is capable of increasing the refractive index of the com- 
position relative to that of a composition containing only (A), (C) and (D), and 

(iii) mixtures thereof. 

wherein all of the stated percentages are percentages by weight based on total weight of (A), (B), (C) and (D), 
wherein the composition, after radiation cure,' exhibits an increase in length from swelling of no more than 
about 40 percent when soaked in gasoline for four hours at room temperature and a water absorption value of 
no more than about 5% by weight and wherein said silane adhesion promoter (C) is selected from amino-func- 
tional silanes; mercapto^functional silanes; methacrylate-functional silanes; acrylamido-functional silanes; 
allyi-functional silanes; vinyl-functional silanes; acrylate-functional silanes; and mixtures thereof. 

2. A radiation-curable coating composition according to claim 1 , wherein the reactively terminated urethane oligomer 
in (A) is acrylate- or methacrylate- terminated and wherein the one or more monomer diluents in (B) are acrylate 
or methacrylate monomer diluents. 

3. A radiation-curable coating composition according to claim 1 or claim 2, wherein said polyether polyol (i) is based 
on a straight chained or branched alkylene oxide of from one to about twelve carbon atoms. 

4. A radiation-curable coating composition according to any one of claims 1 to 3, wherein said aliphatic polyisocy- 
anate (ii) is selected from the group consisting of isophorone diisocyanate; dicyclohexylmethane4,4'-diisocyanate; 
1 ,6-hexamethylene diisocyanate; trimethylhexamethylene diisocyanate; and mixtures thereof. 

5. A radiation-curable coating composition according to any one of claims 1 to 4, wherein said monomer component 
(B) comprises a mixture of 

(i) a monomer selected from the group consisting of lauryl acrylate; stearyl acrylate; isodecyl acrylate; and mix- 
tures thereof, and 

(ii) a monomer selected from the group consisting of polyethylene glycol nonylphenylether acrylate; polypro- 
pylene glycol nonylphenylether acrylate; and mixtures thereof. 

6. A radiation-curable coating composition according to any one of claims 1 to 5, wherein said silaneadhesion pro- 
moter (C) is selected from the group consisting of "mercaptbalkyl trialkoxy silane; vinyl alkoxy silane; methacryloxy- 
alkyltrialkoxy sijane; aminoalkyl trialkoxy silane; and mixtures thereof. * 
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7. A radiation-curable coating composition according to claim 6, wherein said silane adhesion promoter (C) is vinyl- 
tris-(2-methoxyethoxy silane). 

8. A radiation-curable coating composition according to any one of claims 1 to 7, wherein said photoinitiator (D) is 
selected from the group consisting of hydroxycyclohexylphenyl ketone; hydoxymethylphenyl propanone; dimethox- 
yphenyl acetophenone; 2-methyl-1-[4-(methylthio) phenyI]-2-morpholino-propan-1-one; 1-(4-isopropyipheny1)-2- 
hydroxy-2-methylpropan-1-one; 1-(4-dbdecylphenyl)-2-hydroxy-2-methylpropan-1-one; 4-(2-hydroxyethoxy) phe- 
nyl-2-(2-hydrbxy-2-propyl)ketone; diethoxyacetophenone; 2,2-di-sec-butoxyacetophenone; diethoxyphenyl ace- 
tophenone; and mixtures thereof. 

9. A radiation-curable coating composition according to claim 8, wherein said photoinitiator (D) is hydroxycyclohexyl- 
phenyl ketone. 

10. A radiation-curable coating composition according to any one of claims 1 to 9, additionally comprising from 0.1% 
to 10% by weight, based on total weight of (A), (B), (C) and (D), of a mercapto functional chain transfer agent (E). 

11. A radiation-curable coating composition according to claim 10, wherein said chain transfer agent (F) is selected 
from the group consisting of methyl thioglycolate; methyl-3-mercaptopropionate; ethyl thioglycolate; butyl thiogly- 
colate; butyl-3-mercaptopropionate; isooctyl thioglycolate; isooctyl-3-mercaptopropionate; isodecyl thioglycolate; 
isodecyl-3-mercaptopropionate; dodecyl thioglycolate; dodecyl-3-mercaptopropibnate; octadecyl thioglycolate; 
octadecyi-3-mercaptopropionate; and mixtures thereof. 

12. A radiation-curable coating composition according to claim 1 1 , wherein said chain transfer agent is isooctyl-3-mer- 
captoprdpionate. 

13. A radiation-curable coating composition according to any one of claims 1 to 12, additionally comprising from 
0.0001% to 3.0% by weight, based on total weight of (A), (B), (C) and (D), of a stabiliser (F) selected from the group 
consisting of organic phosphites; silanes; hindered phenols; amines; and mixtures thereof. 

14. A radiation-curable coating composition according to claim 13, wherein said stabiliser (F) is 3-aminopropyl trimeth- 
oxysilane. 

15. A radiation-curable coating composition according to claim 13, wherein said stabiliser (F) is thiodiethylene bis-(3,5- 
di-tert-butyl-4-hydroxy) hydrocinnamate. 

16. A radiation-curable coating composition according to claim 1 , comprising 

(A) from 30% to 70% by weight of an aliphatic urethane acrylate oligomer having as a backbone a tetrameth- 
ylenepolyol; 

(B) from 1 0% to 60% by weight of polypropylene glycol nonylphenylether acrylate; 

(C) from 0.3% to 1 .0% by weight of vinyl-tris-(2-methoxyethoxy silane) adhesion promoter; and 

(D) from 2.0% to 7.0% by weight of hydroxycyclohexylphenyl ketone photoinitiator, wherein all of the stated 
percentages are percentages by weight, based upon total weight of (A), (B), (C) and (D). 

17. A radiation-curable coating composition according to claim 1, comprising 

(A) from 30% to 70% by weight of an aliphatic urethane acrylate oligomer having as a backbone polytetrame- 
thylene polyol; 

(B) from 10% to 60% by weight of a mixture of (i) polyethylene glycol nonylphenylether acrylate and (ii) lauryl 
acrylate; 

(C) from 0.3% to 1 .0% by weight of vinyl-tris-(2-methoxyethoxy silane) adhesion promoter; and 

(D) from 2.0% to 7.0% by weight of hydroxycyclohexylphenyl ketone photoinitiator, 

wherein all of the stated percentages are percentages by weight, based on total weight of (A), (B), (C) and (D). 

18. A radiation-curable coating composition according to claim 1 , comprising 

(A) from 30% to 70% by weight of an aliphatic urethane acrylateliligomer having as a backbone pd^etrame- 
thylene polyol; 
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(B) from 10% to 60% by weight of polyethylene glycol nonylphenylether acrylate; 

(C) from 0.3% to 1 .0% by weight of viny!-tris-(2-methoxyethoxy silane) adhesion promoter; and 

(D) from 2.0% to 7.0% by weight of hydroxycyclohexylphenyl ketone photoinitiator, 

wherein all of the stated percentages are percentages by weight, based on total weight of (A), (B), (C) and (D). 

19. A radiation-curable coating composition according to any one of claims 1 6, 17 and 1 8, additionally comprising from 
0.5% to 8.0% by weight, based on the total weight of (A), (B), (C) and (D), of isooctyl-3-mercaptopropionate. 

20. A radiation-curable coating composition according to any one of claims 16 to 19, additionally comprising from 0.5% 
to 1.5% by weight, based on total weight of (A), (B), (C) and (D), of thiodiethylene bis-(3,5<j*i-tert-butyl-4-hydroxy) 
hydrocinnamate. 

21. A radiation-curable coating composition according to any one of claims 16 to 20, additionally comprising from 
0.0001% to 0.01% by weight of 3-aminopropyl trimethoxysilane. 

22. A process for preparing a coated optical fiber comprising 

(1) applying to an optical glass fiber a primary coating layer of a composition according to any one of claims 1 
to 21; and 

(2) radiation-curing said coating in situ. 

23. A process according to claim 22, additionally comprising applying atop said primary coating composition layer, 
before radiation curing, a secondary coating layer comprising 

(I) from 10% to 90% by weight of an aliphatic urethane oligomer based on a polyester and/or polyether and 
containing a reactive terminus; 

(II) from 20% to 60% by weight of a hydrocarbonaceous viscosity-adjusting component capable of reacting with 
the reactive terminus of (I); 

(III) optionally, from 0.05% to 10.0% by weight of a photoinitiator, wherein all of the stated percentages are per- 
centages by weight based on total weight of (I), (II) and (III). 

24. A coated optical fiber comprising 

* 

(a) a glass optical fiber; • ' 

(b) a radiation-cured primary coating layer comprising the cured reaction product of a composition according 
to any one of claims 1 to 21 ; and 

(c) a radiation-cured secondary coating layer comprising the cured reaction product of 

(I) from 1 0% to 90% by weight of an aliphatic urethane oligomer based on a polyester and/or polyether and 
containing a reactive terminus; 

(II) from 20% to 60% by weight of a hydrocarbonaceous viscosity-adjusting component capable of reacting 
with the reactive terminus of (I) ; 

(III) optionally, from 0.05 to 10.0% by weight of a photoinitiator, wherein all of the stated percentages are 
percentages by weight based on total weight of (I). (II) and (III). 

25. A coated optical fiber according to claim 24, wherein the radiation-cured secondary coating layer comprises the 
cured reaction product of 

(I) from 40% to 80% by weight of a mixture of aliphatic urethane acrylate oligomers based on polyether back- 
bones; 

(II) from 25% to 50% by weight of a mixture of isobornyl acrylate and hexanediol diacrylate; and 

(III) from 2.0% to 7.0% by weight of hydroxycyclohexylphenyl ketone photoinitiator; and 

wherein all of the stated percentages are percentages by weight based on the total weight of (I), (II). (III). 

PatentansprGche 

V.. Strahlungshaftbare Gberzugsmasse ' fQr eirie optische Faser, umfassencl " ' ~ 
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(A) 10 bis 90 Gew.-% eines reaktiv terminierten Urethanoligomers, das das Reaktionsprodukt von (i) einem 
Polyetherpolyol; (ii) einem aliphatischen Polyisocyanat und (iii) einem endst&ndigen Monomer, das inder Lage 
ist, eine reaktive terminate Gruppe zu ergeben, ist; . 

5 (B) 5 bis 80 Gew.-% eines oder mehrerer monomerer Verdunnungsmittel, die mindestens eine Endgruppe ter- 

miniert sind, die in der Lage ist, mit der reaktiven t rminalen Gruppe von (A) zu reagieren; 

, (C) 0,1 bis 3,0 Gew.-% eines organofunktionellen Silan-Haftungsbeschleunigers; und 

10 (D) gegebenenfalls 1 ,0 bis 10,0 Gew.-% eines Photoinitiators, 

dadurch gekennzeichnet, daG das eine oder die mehreren monomeren Verdunnungsmittel (B) weichhSrtende 
Monomere sind, ausgewahlt aus: 

(i) Hexylacrylat, Hexylmethacrylat, 2-Ethylhexylacrylat ( 2-Ethylhexylmethacrylat ( Isooctylacrylat. Isooctyl- 
15 methacrylat, Octylacrylat, Octylmethacrylat, Decyiacrylat, Decylmethacrylat, Isodecylacrylat, Isodecylme- 

thacrylat, Laurylacrylat, Laurylmethacrylat, Tridecylacrylat. Tridecylmethacrylat, Palmitinsaureacrylat, 
Palmitinsauremethacrylat, Stearylacrylat, Stearylmethacrylat, C^-C^-Kohienwasserstoff-dioldiacrylaten, 
Ci4-C 15 -Kohlenwasserstoff-dioldimethacrylaten und Gemischen davon; 

(ii) Monomeren mit (1) einer aromatischen Einheit, (2) einer Einheit, enthaltend ungesattigte acrylische . 
20 oder methacrylische Bindungen, und (3) einer Kohlenwasserstoffeinheit, wobei das Monomer (ii) in der 

Lage ist, den Brechungsindex der Masse, bezogen auf eine Masse, die nur (A), (C) und (D) enthait. zu 
erhOhen, und 

(iii) Gemischen davon, 

25 wobei alle ahgegebenen Prozentsatze Gew.-% sind, bezogen auf das Gesamtgewicht von (A), (B), (C) und 

(D), wobei die Masse nach der Strahlungshartung eine Zunahme der Lange durch Quelien von nicht mehr als 
etwa 40 % aufweist, wenn sie 4 Stunden bei Raumtemperatur in Benzin getaucht wird, und einen Wasserab- 
sorptionswert von nicht mehr als etwa 5 Gew.-%, und wobei der Silan-Haftungsbeschleuniger (C) ausgewahlt 
ist aus Amino-funktionellen Silanen, Mercapto-funktionellen Silanen, Methacrylat-funktionellen Silanen, Acryl- 

30 amino-funktionellen Silanen, Allyl-funktionellen Silanen, Vinyl-funktionellen Silanen, Acrylat-funktionellen Sila- 

nen und Gemischen davon. 

2. Strahlungshartbare Uberzugsmasse nach Anspruch 1 , wobei das reaktiv terminierte Urethanoligomer (A) Acrylat- 
oder Methacrylat-terminiert ist, und wobei das eine oder die mehreren monomeren VerdOnnungsmittel (B) Acrylat- 

35 oder Methacryiatmonomer- Verdunnungsmittel sind. 

3. Strahlungshartbare Oberzugsmasse nach Anspruch 1 oder 2, wobei das Polyetherpolyol (i) von einem geradketti- 
gen oder verzweigten Alkylenoxid mit 1 bis etwa 12 Kohlenstoffatomen stammt 

40 4. Strahlungshartbare Uberzugsmasse nach einem der Anspruche 1 bis 3, wobei das aliphatische Polyisocyanat (ii) 
ausgewahlt ist aus der Gruppe, bestehend aus Isophorondiisocyanat, Dicyclohexylmethan-M'-diisocyanat, 1,6- 
Hexamethylendiisocyanat, Trimethylhexamethylendiisocyanat und Gemischen davon. 

5. Strahlungshartbare Oberzugsmasse nach einem der Anspruche 1 bis 4, wobei die Monomerkomponente (B) ein 
45 Gemisch umfaBt aus: 

(i) einem Monomer, ausgewahlt aus der Gruppe, bestehend aus Laurylacrylat, Stearylacrylat, Isodecylacrylat 
und Gemischen davon, und 

(ii) einem Monomer, ausgewahlt aus der Gruppe, bestehend aus Polyethylenglykolnonylphenyletheracrylat, 
so PolypropylenglykolnonylphenyletiieraCTylat und Gemischen davon. 

6. Strahlungshartbare Uberzugsmasse nach einem der AnsprOche 1 bis 5, wobei der Silan-Haftungsbeschleuniger 
(C) ausgewahlt ist aus der Gruppe, bestehend aus Mercaptoalkyltrialkoxysilan, Vinylalkoxysilan, Methacryloxyal- 
kyltrialkoxysilan, Aminoalkyltrialkoxysilan und Gemischen davon. 

55 

7. Strahlungshartbare Uberzugsmasse nach Anspruch 6, wobei der Silan-Haftungsbeschleuniger (C) Vinyl-tris-(2- 
methoxyethoxysilan) istr ^ " 
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8. Strahlungshartbare Uberzugsmasse nach einem der Anspruche 1 bis 7, wobei der Photoinitiator (D) ausgewahlt 
ist aus der Gruppe, bestehend aus Hydroxycyclohexylphenylketon, Hydroxymethylphenylpropanon, Dimethoxy- 
phenylacetophenon, 2-MethyM -[4-(methylthio)phenyl]-2-morpholinopropan-1 -on, 1 -(4-lsopropylphenyl)-2- 
hydroxy-2-methylpropan-1-on, 1 -(4-Dodecy!phenyl)-2-hydroxy-2-methylpropan-1 -one, 4-(2-Hydroxyethoxy)phenyl- 

2- (2-hydroxy-2-propyl)keton, Diethoxyacetophenon, 2,2-Di-sec.-butoxyacetophenon, Diethoxyphenylacetophenon 
und Gemischen davon. 

9. Strahlungshartbare Uberzugsmasse nach Anspruch 8, wobei der Photoinitiator (D) Hydroxycyclohexylphenylketon 
tst. 

10. Strahlungshartbare Uberzugsmasse nach einem der Anspruche 1 bis 9, umfassend zusatzlich 0,1 bis 10 Gew.-%, 
bezogen auf das Gesamtgewicht von (A), (B), (C) und (D), eines Mercapto-funktionellen Kettenubertragungsmittels 
(E). . 

11. Strahlungshartbare Uberzugsmasse nach Anspruch 10, wobei das Kettenubertragungsmittel (E) ausgewahlt ist 
aus der Gruppe, bestehend aus Methylthioglykolat, Methyl-3-mercaptopropionat, Ethylthioglykolat, Butylthioglyko- 
iat, Butyl -3-mercaptopropionat, isooctylthioglykolat, lsooctyl-3-mercaptopropionat, Isodecylthioglykolat, Isodecyl- 

3- mercaptopropionat, Dodecylthiogiykolat, Dodecyl-3-mercaptopropionat, Octadecylthioglykolat, Octadecyl-3- 
mercaptopropionat und Gemischen davon. 

12. Strahlungshartbare Uberzugsmasse nach Anspruch 11, wobei das Kettenubertragungsmittel lsooctyl-3-mercapto- 
propionat ist. 

13. Strahlungshartbare Uberzugsmasse nach einem der Anspruche 1 bis 12, umfassend zusatzlich 0,0001 bis 3,0 
Gew.-%, bezogen auf das Gesamtgewicht von (A), (B), (C) und (D), eines Stabilisators (F), ausgewahlt aus der 
Gruppe, bestehend aus organischen Phosphiten, Silanen, sterisch gehinderten Phenolen, Aminen und Gemi- 
schen davon. 

14. Strahlungshartbare Uberzugsmasse nach Anspruch 13, wobei der Stabilisator (Ff) 3-Aminopropyltrimethoxysilan 
ist. ' 

15. Strahlungshartbare Uberzugsmasse nach Anspruch 13, wobei der Stabilisator (F) Thiodiethylen-bis-(3,5-di-tert.- 
butyl-4-hydroxy)hydrocinnamat ist. 

16. Strahlungshartbare Uberzugsmasse nach Anspruch 1, umfassend 

(A) 30 bis 70 Gew.-% eines aliphatischen Urethanacrylatoligomers mit einer Tetramethylenpolyol-Hauptkette, 

(B) 1 0 bis 60 Gew.-% Polypropylenglykolnonylphenyletheracrylat, 

(C) 0,3 bis 1 ,0 Gew.-% Vinyl-tris-(2-methoxyethoxysilan)-Haftungsbeschleuniger und 

(D) 2,0 bis 7,0 Gew.-% Hydroxycyclohexylphenylketon-Photoinitiator, wobei alle angegebenen Prozentsatze 
Gew.-% sind, bezogen auf das Gesamtgewicht von (A), (B), (C) und (D). 

17. Strahlungshartbare Oberzugsmasse nach Anspruch 1 , umfassend ^ 

(A) 30 bis 70 Gew.-% eines aliphatischen Urethanacrylatoligomers mit einer Polytetramethylenpolypl-Haupt- 
kette, 

(B) 10 bis 60 Gew.-% eines Gemisches aus (i) Polyethylenglykolnonylphenyletheracrylat und (ii) Laurylacrylat, 

(C) 0,3 bis 1 ,0 Gew.-% Vinyl-tris-(2-methoxyethoxysilan)-Haftungsbeschleuniger und 

(D) 2,0 bis 7,0 Gew.-% Hydroxycyclohexylphenylketon-Photoinitiator, wobei alle angegebenen Prozentsatze 
Gew.-% sind, bezogen auf das Gesamtgewicht von (A), (B), (C) und (D). 

18. Strahlungshartbare Uberzugsmasse nach Anspruch 1, umfassend 

(A) 30 bis 70 Gew.-% eines aliphatischen Urethanacrylatoligomers mit einer Polytetramethylenpolyolhaupt- 
kette, 

(B) 10 bis 60 Gew.-% Polyethylenglykolnonylphenyletheracrylat, 

(C) 0,3 bis t;0 Gew.-% Viny^ 

(D) 2,0 bis 7,0 Gew.-% Hydroxycyclohexylphenylketon-Photoinitiator, wobei alle angegebenen Prozentsatze 
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Gew.-% sind, bezogen auf das Gesamtgewicht von (A), (B), (C) und (D). 

19. Strahlungshartbare Oberzugsmasse nach einem der Anspruche 16, 17 und 18, umfassend zusatzlich 0,5 bis 8.0 
Gew.-%, bezogen auf das Gesamtgewicht von (A), (B), (C) und (D), lsooctyl-3-mercaptopropionat. 

20. Strahlungshartbare Oberzugsmasse nach einem der Anspruche 16 bis 19, umfassend zusatzlich 0,5 bis 1,5 Gew.- 
%, bezogen auf das Gesamtgewicht von (A), (B), (C) und (D), Thiodiethylen-bis-(3,5-di-terl-butyl-4-hydroxy)hydro- 
cinnamat. 

21. Strahlungshartbare Oberzugsmasse nach einem der Anspruche 16 bis 20, umfassend zusatzlich 0,0001 bis 0,01 
Gew.-% 3-AminopropyltrimethoxysiIan. 

22. Verfahren zur Herstellung einer uberzogenen optischen Faser, umfassend 

(1) Aufbringen einer ersten Uberzugsschicht aus einer Masse nach einem der Anspruche 1 bis 21 auf eine 
optische Glasfaser, und 

(2) Strahlungsharten des Oberzugs in situ. 

23. Verfahren nach Anspruch 22, umfassend zusatzlich das Aufbringen auf die erste Uberzugsschicht vor dem Strah- 
lungsharten einer zwerten Uberzugsschicht, umfassend 

(I) 1 0 bis 90 Gew.-% eines aliphatischen Urethanoligomers auf der Basis eines Polyesters und/oder Poly ethers 
und enthaltend eine reaktive terminale Gruppe, 

(II) 20 bis 60 Gew.-% einer die Viskositat einstellenden Kohlenwasserstoffkomponente, die in der Lage ist, mit 
der reaktiven terminalen Gruppe von (I) zu reagieren, 

(III) gegebenenfalls 0,05 bis 10,0 Gew.-% eines Photoinitiators, wobei alle angegebenen Prozentsatze Gew.- 
% sind, bezogen auf das Gesamtgewicht von (I), (II) und (III). 

24. Oberzogene optische Faser, umfassend 

(a) eine optische Glasfaser, 

(b) eine strahlungsgehartete erste Oberzugsschicht, umfassend das gehartete Reaktionsprodukt einer Masse 
nach einem der Anspruche 1 bis 21 , und 

(c) eine strahlungsgehartete zweite Uberzugsschicht, umfassend das gehartete Reaktionsprodukt von 

(I) 1 0 bis 90 Gew.-% eines aliphatischen Urethanoligomers auf der Basis eines Polyesters und/oder Polye- 
thers und enthaltend eine reaktive terminale Gruppe. 

(I I) 20 bis 60 Gew.-% einer die Viskositat einstellenden Kohlenwasserstoffkomponente, die in der Lage ist, 
mit der reaktiven terminalen Gruppe von (I) zu reagieren, 

(III) gegebenenfalls 0,05 bis 10,0 Gew.-% eines Photoinitiators, wobei alle angegebenen Prozentsatze 
Gew.-% sind, bezogen auf das Gesamtgewicht von (I), (II) und (III). 

25. Oberzogene optische Faser nach Anspruch 24, wobei die strahlungsgehartete zweite Oberzugsschicht das gehar- 
tete Reaktionsprodukt von 

(I) 40 bis 80 Gew.-% eines Gemisches von aliphatischen Urethanacrylatoligomeren auf der Basis von Polye- 
ther-Hauptketten, 

(II) 25 bis 50 Gew.-% eines Gemisches aus Isobornylacryiat und Hexandioldiacrylat und 

(III) 2,0 bis 7,0 Gew.-% Hydroxycydohexylphenylketon-Photoinitiator umfa&t und 

wobei alle angegebenen Prozentsatze Gew.-%sind, bezogen auf das Gesamtgewicht von (I), (II) und (III). 

Revendications 

1 . Composition de revetement durcissable par irradiation pour une fibre optique comportant 

(A) de 10 % a 90 % en poids d'un oligomer e & base d'ur6thanne termihe de maniere reactive qui constitue le 
produit de reaction de (ifun polyether polyol ; (ii) uri 
de chaine capable de fournir une terminaison reactive ; 
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(B) de 5 % & 80 % on poids d'un ou de plusieurs diluants monomeres qui sont termines par au moins un groupe 
d'extremite capable de reagir avec la terminaison reactive de (A) ; 

(C) de 0, 1 % k 3,0 % en poids d'un promoteur d'adherence k base de silane organo-fonctionnel ; et 

(D) de manniere optionnell , de 1 ,0 %k 1 0,0 % an poids d'un photo-initiateur, 

5 caracterise en ce que le ou les diluants dans (8) sont des monomeres k durcissement doux selectionnes parmi 

(i) I'acrylate d'hexyie ; le methacrylate d'hexyie ; I'acrylate de 2-ethyihexyle ; le methacrylate de 2-6thyl- 
hexyle ; I'acrylate d'isooctyle ; le methacrylate d'isooctyle ; I'acrylate d'octyle ; le m6thacylate d'octyle ; 

10 I'acrylate de decyle ; le methacrylate de decyle ; I'acrylate d'isodecyle : le methacrylate d'isodecyle ; 

I'acrylate de lauryle ; le methacylate de lauryle ; I'acrylate de tridecyle ; le methacrylate de tridecyle ; 
I'acrylate palmitique ; le methacrylate palmitique : I'acrylate de stearyle ; le methacrylate de stearyle ; des 
diacrylates de diols d'hydrocartures en C 14 k C15 ; des dimethacrylates de diols d'hydrocarbures en C 14 
k C 15 ; et des melanges des precedents. 

is (ii) des monomeres ayant (1) une partie aromatique, (2) une partie contenant une insaturation acrylique 

ou methacrylique, et (3) une partie hydrocarbonee, monomere (ii) qui est capable d'augmenter t'indice de 
refraction de la composition par rapport k celui d'une composition contenant seulement (A), (C) et (D), et 
(iii) des melanges de ceux-ci ^ 

20 ou tous les pourcentages donnas sont des pourcentages en poids sur lu base du poids total de (A), (B), (C) et 

(D), ou la composition, apres durcissement par irradiation, presente une augmentation de longueur provenant 
du gonflement ne depassant pas environ 40 pourcent lorsqu'elle est trerrpee dans de I'essence pendant qua- 
tre heures k temperature ambiante et une valeur d'absorption d'eau inferieure k environ 5 % en poids et ou 
ledit promoteur d'adherence au silane (C) est selectionne parmi des silanes k fonction amine ; des silanes k 

25 fonction mercaptan ; des silanes k fonction methacrylate ; des silanes k fonction acrylamide ; des silanes k 

fonction allyle ; des silanes k fonction vinyle ; des silanes k fonction acrylate ; et des melanges de ceux-ci. 

2. Composition de revetement durcissable par irradiation selon la revendication 1, dans laquelle I'oligomere d'ure- 
thanne termine de maniere reactive dans (A) est un oligomere k terminaison acrylate ou methacrylate et dans 

30 laquelle le ou les diluants de monomere dans (B) sont des diluants de monomere k base d'acrylate ou de metha- 
crylate. 

3. Composition de revetement durcissable par irradiation selon la revendication 1 ou la revendication 2, dans laquelle 
ledit polyether polyol (i) est k base d'un oxyde d'alkylene k chatne droite ou ramifie d'un k environ douze atomes 

35 de carbone. 

4. Composition de revetement durcissable par irradiation selon Tune quelconque des revendication 1 k 3, dans 
laquelle ledit polyisocyanate aliphatique (ii) est selectionne parmi le groupe constitue par le diisocyanate d'isopho- 
rone ; le 4,4'-diisocyanate de dicyclohexylmethane ; le diisocyanate de 1,6-hexamethyiene ; le diisocyanate de tri- 

40 methylhexamethyiene ; et des melanges de ceux-ci. 

5. Composition de revetement durcissable par irradiation selon Tune quelconque des revendications 1 k 4, dans 
laquelle ledit composant monomere (B) compprte un melange de 

45 (i) un monomere selectionne parmi le groupe constitue par I'acrylate laurylique ; I'acrylate stearylique ; 

I'acrylate isodecylique ; et des melanges de ceux-ci, et 

(ii) un monomere selectionne parmi le groupe constitue par I'acrylate de polyethyteneglycolnonylphenylether ; 
I'acrylate de pqlypropienegtycolnonyiphenyiether ; et des melanges de ceux-ci. 

so 6. Composition de revetement durcissable par irradiation selon Tune quelconque des revendications 1 k 5, dans 
laquelle ledit promoteur d'adherence k base de silane (C) est selectionne parmi le groupe constitue de mercapto- 
alkyltrialkloxysilane ; vinylalkoxysilane ; methacryloxyalkyitrialkoxysilane ; amnioalkyletrialkoxysiiane ; et des 
melanges de ceux-ci. 

55 7. Composition de revetement durcissable par irradiation selon la revendication 6, dans laquelle ledit promoteur 
d'adherence k base de silane (C) est le vinyl-tris-(2-methoxyethoxysilane). 

8. Composition de revetement durcissable par irradiation selon Tune quelconque des revendications 1 k 7, dans 
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laquelle ledit photo : initiateur (D) est selections parmi le groupe constitue de Thydroxycyclohexylphenylcetone ; 
i'hydromethylphenyipropanone ; le dimethoxyphenylac6toph§none ; la 2-methyl-1-[4-(methylthio)phenyl]-2-mor- 
pholino-propanone-1 ; la 1-{4-isopropylphenyl)-2-hydroxy-2-m§tnylpropan-1-one : la i -(4-dod6cylphenyl)-2- 
hydroxy-2-methylpropan-1 -one ; la 4-(2-hydroxy6thyxy)phenol-2(2-hydroxy-2-propyl)cetone ; la 2,2-di-sec-butoxya- 
c'6toph6none ; la diethoxyphenyle acetophenone, et de melanges de ceux-ci. 

9. Composition de revetement durcissable par irradiation selon la revendication 8, dans laquelle ledit photo-initiateur 
(D) est rhydroxycyclohexyphenylcetone. 

10. Composition de revetement durcissable par irradiation selon Tune quelconque des revendications 1 a. 9, compor- 
tant de plus de 0, 1 % k 1 0 % en poids, sur la base du poids total de (A), (B), (C) et (D) d'un agent de transfert de 
chaTne k fonction mercaptan (E). 

1 1 . Composition de revetement durcissable par irradiation salon la revendication 1 0, dans laquelle ledit agent de trans- 
fert de chaTne (F) est selectionne parmi le groupe constitu§ du thioglycolate de methyle ; du 3-mercaptopropionate 
de methyle ; du thioglycolate d'ethyie ; du thioglycolate de butyle ; du 3-mercaptopropionate de butyle : du thiogly- 
colate d'isooctyle ; du 3-mercaptopropionate d'isooctyle ; du thioglycolate d'isodecyle ; du 3-mercaptopropionate 
d'isodecyle ; du thioglycolate de dodecyle ; du 3-mercaptopropionate de dedecyle ; du thioglycolate d'octadecyle ; 
du 3-mercaptopropionate d'octadecyle ; et de melanges de ceux-ci. 

1 2. Composition de revetement durcissable par irradiation selon la revendication 1 1 , dans laquelle ledit agent de trans- 
fert de chaTne est le 3-mercaptopropionate d'isooctyle. * 

13. Composition de revetement durcissable par irradiation selon Tune quelconque des revendications 1 & 12, compor- 
tant de plus de 0,0001 % k 3,0 % en poids, sur la base du poids total de (A), (B), (C) et (D), d'un agent de stabili- 
sation (F) selectionne parmi le groupe constitue de phosphites organiques ; silanes ; phenols encombres ; amines 
; et melanges de ceux-ci. 

14. Composition de revetement durcissable par irradiation salon la revendication 13, dans laquelle ledit agent de sta- 
bilisation (F) est le 3-aminopropyltrimethoxysilane. 

15. Composition de revetement durcissable par irradiation selon la revendication 13, dans laquelle ledit agent de sta- 
bilisation (F) est le thiodiethyiene bis-(3,5-di-tert-butyl-4-hydroxyjhydrocinnamate. 

16. Composition de revetement durcissable par irradiation selon la revendication 1, comportant 

(A) de 30 % k 70 % en poids d'un oligomere d'acrylate d'urethanne aliphatique ayant comme squefette un 
tetramethylenepolyol ; 

(B) de 1 0 % k 60 % an poids d'acrylate de polypropyleneglycolnonylphenyiether ; 

(C) de 0,3 % k 1 ,0 % en poids de vinyl-tris-(2-methoxyethoxysilane) comme promoteur d'adherence ; et 

(D) de 2,0 % & 7,0 % en poids de photo-initiateur hydroxycyclohexylphenylcetone dans laquelle tous les pour- 
centages sont des pourcentages en poids, sur la base du poids total de (A), (B), (C) et (D). 

1 7. Composition de revetement durcissable par irradiation selon la revendication 1 , comportant 

(A) de 30 % k 70 % en poids d'un oligomere d'acrylate d'urethanne aliphatique ayant comme squelette du poly- 
tetramethylenepolyol ; 

(B) de 10 % k 60 % en poids d'un melange de (i) acrylate de polypropyleneglycolnonylphenyiether et (ii) 
acrylate de lauryle ; 

(c) de 0,3 % k 1 ,0 % en poids de vinyl-tris-(2-methoxy6thoxysilane) comme promoteur d'adh6rence ; 
(D) de 2,0 % k 7,0 % en poids de photo-initiateur hydroxycyclohexyphenylcetone, 

dans laquelle tous les pourcentages sont des pourcentages en poids, sur la base du poids total de (A), (B), (C) 
et(D). 

18. Composition de revetement durcissable par irradiation selon la revendication 1 , comportant 

(A) de 30 % k 70 % en poids d'un oligom ere d'acrylate d'urethanne aliphatique ayant comme squelette du poly v 
tetramethylenepolyol ; 
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(B) de 10 % a 60 % on poids d'acrylate de polypropyieneglycolnonylphenyiether ; 

(C) de 0,3 % a 1 ,0 % en poids de vinyl-tris-(2-m£thoxyethoxysilane) comme promoteur d'adherence ; 

(D) de 2,0 % k 7,0 % en poids de photo-initiateur hydroxycyclohexylphenylcetone, 

dans laquell tous les pourcentages sont des pour cent ages on poids, sur la base du poids total de (A), (B), (C) 
5 et (D). 

19. Composition de revetement durcissable par irradiation selon Tune quelconque des revendications 16, 17 et 18, 
comportant de plus de 0,5 % a. 8,0 % en poids, sur la base du poids total de (A), (B), (C) et (D), de 3-mercaptopro- 
pionate d'isooctyie. 

10 

20. Composition de revetement durcissable par irradiation selon Tune quelconque des revendications 16^ 19, compor- 
tant de plus de 0,5 % k 1 ,5 % en poids, sur la base du poids total des (A), (B), (C) et (D), de thiodiethylene-bis-(3,5- 
di-tert-butyl-4-hydroxy)hydrocinnamate. 

75 21 . Composition de revetement durcissable par irradiation selon Tune quelconque des revendications 1 6 k 20, compor- 
tant de plus de 0,0001 % a 0.01 % on poids de 3-aminopropyltrirnethoxysilane. 

22. Procede de preparation d'une fibre optique rev§tue comportant 

20 (1) ('application sur une fibre de verre optique d'une couche de revetement primaire ayant une composition 

selon Tune quelconque des revendications 1 a 21 ; et 
(2) le durcissement par irradiation dudit revetement in situ . 

23. Proc6d6 selon la revendication 22, comportant de plus Tapplication sur la surface de ladrte couche de composition 
25 de revetement primaire, avant le durcisement par irradiation, d'une couche de revetement secondaire comportant 

(I) de 10 % k 90 % en poids d'un oligomers d'urethanne aliphatique a base d'un polyester et/ou d'un polyether 
et contenant une terminaison reactive ; 

(II) de 20 % a 60 % en poids d'un composant hydrocarbone ajustarrt la viscosite capable de reagir avec la ter- 
30 minaison reactive de (I) ; 

(III) de maniere facultative, de 0,05 % a 1 0,0 % en poids d'un photo-initiateur, 

dans laquelle tous les pourcentages donnes sont des pourcentages en poids sur la base du poids total de (I), 

(II) et(lll). 

35 24. Fibre optique revdtue comportant 

(a) une fibre optique de verre ; 

(b) une couche de revetement primaire durcissable par irradiation comportant le produit de reaction durci d'une 
composition selon Tune quelconque des revendications 1 k 21 ; et 

40 (c) une couche de rev§tement secondaire durci par irradiation comportant le produit de reaction durci de 

(I) de 1 0 % a 90 % en poids d'un oligomere d'urethanne aliphatique a base d'un polyester et/ou d'un poly- 
ether et contenant une terminaison reactive ; 

(II) de 20 % a 60 % en poids d'un composant hydrocarbone ajustant une viscosite capable de reagir avec 
45 la terminaison reactive de (I) ; 

(III) de maniere facultative, de 0,05 % k 10,0 % en poids d'un photo-initiateur, 

dans laquelle tous les pourcentages donnes sont des pourcentages en poids sur la base du poids total de 
(I), (II) et (III). 

so . 25. Fibre optique revetue selon la revendication 24, dans laquelle la couche de revetement secondaire durci par irra- 
diation comporte le produit de reaction durci de : 

(I) de 40 % a. 80 % en poids d'un melange d'oligomeres d'acrylates d'urethannes afiphatiques bases sur des 
squelettes de polyether ; 

55 (II) de 25 % a 50 % en poids d'un melange d'acrylate d'isobornyle et de diacrylate d'hexanediol ; et * 

(III) de 2,0 % k 7,0 % en poids d'hydroxycyclohexylphenylcetone comme photo-initiateur ; et 
"dans laquelle to^ 

(II) , (III). 
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